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ABSTRACT 
 Exposures of lower to middle crust provide a means of defining the basement 
terranes underlying portions of cratonic North America that are hidden by extensive 
Phanerozoic cover. In southwest Laurentia, the Paleoproterozoic Selway terrane has been 
proposed to extend as crystalline basement from the Wyoming Province to the 
Proterozoic rifted margin of Laurentia primarily based on limited exposures. The 
Sawtooth Metamorphic Complex (SMC), Idaho, a series of high-grade metasupracrustal 
rocks lies within the proposed region of the Selway terrane and may represent remnants 
of this terrane. Alternatively, it may represent another basement terrane of cratonic North 
America.  
 To test the hypothesis that the SMC belongs to the Selway terrane, detrital zircon 
U/Pb ages of five quartzite samples were analyzed by LA-ICP-MS to establish age, 
possible provenance, and age distribution patterns. An alkali-feldspar-biotite quartzite 
(qtz1) represented by two samples has detrital zircon ages from 1068 ± 6 Ma to 2832 ± 6 
Ma with peak age frequencies of 1050-1100, 1350-1450, and 1750-1800 Ma (n = 52). An 
alkali-feldspar-biotite-muscovite quartzite (qtz3) yields distinctly older ages that range 
from 1704 ± 108 Ma to 2977 ± 4 Ma (n = 58). A rutile-bearing plagioclase-muscovite-
biotite quartzite (qtz4) has zircon ages from 492 ± 13 to 2709 ± 19 Ma (n = 82) and has 
similar peak age frequencies from 1050-1150, 1400-1450, and 1750-1800 Ma. 
Concordant rim ages of zircon from quartzite and both rim and core ages of zircon in four 
quartzofeldspathic gneiss samples (n > 110) yielded Mesozoic ages (90 – 170 Ma) and 
one age of 1813 ±12 Ma.  
x 
 Based on this limited dataset, age distributions are similar to those of Belt – 
Purcell Supergroup (1400 – 1470 Ma) and/or Windermere Supergroup (570 – 750 Ma) 
sourcing the Wyoming Province and other surrounding Archean – Paleoproterozoic 
terranes.  Detrital zircon ages of qtz3 (1704 – 2977 Ma) pre-date Belt – Purcell 
Supergroup deposition and are consistent with zircon ages used to infer the Selway 
terrane. From this data, qtz3 may potentially represent the Selway. Three younger zircon 
ages in qtz1 are consistent with correlations to the Neoproterozoic Windermere – Syringa 
Supergroup (570 - 750 Ma) and Cambrian passive margin strata. Zircon ages (<1000 
Ma), abundant Grenville-aged (1000 - 1150 Ma) zircon grains, and εHf signatures in 
these zircons support an additional possible provenance for SMC quartzites similar to 
Windermere – Cordilleran material. Detrital zircon ages suggest that qtz1 and qtz4 of the 
SMC are most closely correlated with the Neoproterozoic Windermere Formation 
basement and qtz3 may represent the Paleoproterozoic Selway basement.
1 
CHAPTER I. INTRODUCTION 
 The North American craton was built by successive assembly of Precambrian basement 
terranes. In order to constrain the growth of the North American continent, the location, the age, 
and the extent of these basement terranes must be understood. The region between the Archean 
Wyoming craton and the rifted Neoproterozoic margin of Laurentia is poorly known. Numerous 
Precambrian crustal provinces have been proposed based on geophysics, direct geochronology or 
indirectly via isotopic systematics of younger rocks (e.g. Doe and Zartman, 1979; Bennet and 
DePaolo, 1987; Sims et al., 2004, 2005; Foster et al., 2006; Lund, 2008). U-Pb ages of detrital 
zircon grains from exposures of lower crust can help to define the age and provenance for these 
underlying basement provinces.  
The Sawtooth Metamorphic Complex (SMC), a series of mid – high-grade metamorphic 
rocks that occur within the Sawtooth Range, central Idaho, is suggested to represent middle to 
lower crust and may be remnants of a basement terrane (Dutrow et al., 1995; personal 
communication). The SMC lies in the region of the Paleoproterozoic Selway terrane that was 
proposed to continue from the western edge of the Wyoming Province to the rifted margin of 
Laurentia (e.g. Foster et al., 2006). Preliminary mapping of these metamorphic rocks labeled 
them as ‘undifferentiated Precambrian metamorphic rocks’ (Reid, 1963). However, absolute ages 
of the SMC metamorphic rocks have yet to be determined. 
Based on the location and metamorphic character of the SMC units, it has been 
hypothesized that these rocks are an exposure of the Selway. Alternatively, SMC units may 
represent metamorphosed rocks of the Mesoproterozoic Belt – Purcell Supergroup, the  
2 
  
Figure 1.1: Schematic map of Archean – Proterozoic basement terranes of Laurentia from 
Whitmeyer and Karlstrom (2007). The inset map focuses on the terranes of interest for this 
study. Location of adjacent continental blocks to the Laurentian basement are not defined, but 
are interpreted to contribute detrital zircon grains to sediments within the southwestern margin of 
Laurentia. Possible locations of Australia and Antarctica are shown on this map (e.g., 
S.W.E.A.T.; Moores, 1991). 
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Neoproterozoic Windermere – Syringa Supergroup, or the Paleozoic passive margin sediments 
that crop out within the southwestern margin of Laurentia. In order to test the hypothesis that the 
SMC is an outcrop of the Selway terrane, Laser ablation inductively coupled plasma mass 
spectrometry (LA-ICP-MS) U-Pb ages and εHf were obtained from detrital zircon grains found 
in quartzites and quartzofeldspathic gneisses to yield detrital age distributions and suggest grain 
provenance. 
1.1 Detrital Zircon Geochronology 
 Zircon is a physically and chemically resistant mineral that can be used to determine the 
absolute timing of crystal growth over billions of years (e.g. Krogh, 1973; Roddick, 1987). When 
weathered from its original rock, the chemical and mechanical stability of zircon allows it to 
survive during weathering and sediment transport. Detrital zircon grains tend to accumulate in 
basinal deposits and reflect hinterland composition, transportation, and zircon fertility of the 
catchment area (e.g. Heins and Kairo, 2007). Thus, a rock often contains accumulated zircon 
grains from multiple sources due to sediment recycling and mixing during sediment transport 
(e.g. Thomas, 2011). The youngest detrital age from an accumulation of zircon grains can be 
used to infer a maximum depositional age. Also, the distribution of detrital zircon ages can be 
used to interpret its possible provenance (e.g. Gehrels, 2008; Stewart et al., 2001; LaMaskin, 
2011). Thus, comparisons of the distribution of SMC detrital ages to the distribution of ages 
from surrounding basement terranes provide constraints on possible provenance for SMC units. 
 Detrital zircon age analysis is an established provenance tool for rocks of North America 
(e.g. Gehrels and Ross, 1998; Stewart et al., 2001; Smith and Gehrels, 1994; Ross and 
Villeneuve, 2003; Thomas, 2011; LaMaskin, 2011). The North American detrital zircon  
4 
 
Figure 1.2: Age-frequency histogram of detrital zircon U-Pb ages from rocks of the North 
American continent compiled by Voice et al. (2011). Note the low abundance of detritus from 
the North American Magmatic Gap (NAMG; 1610 – 1490 Ma) and 1000 – 600 Ma (from Voice 
et al., 2011). 
 
Figure 1.3: Probability density function for global zircon age distribution from orogenic 
granitoid analyses compiled by Condie and Aster (2010). Figure from Condie et al. (2011).  
Global granitoid analyses show a relatively low abundance of ages in the Early Mesoproterozoic.  
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age distribution has seven primary peaks at 2800-2700, 1800-1650, 1450-1400, 1250-1100, 700-
600, 400-350, and 300-100 Ma that correlate with established tectonic events consistent with 
supercontinent cycles (Fig. 1.2; Voice et al., 2011). These ages represent periods of enhanced 
magmatic activity that is potentially highest in the collisional phase due to subduction and 
melting (Fig. 1.2; 1.3; Hawkesworth et al., 2009; Voice et al., 2011; Condie et al., 2009). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6 
II. GEOLOGIC SETTING 
2.1 Background Geology 
 Laurentia, the stable North American craton, is defined as one of the oldest Precambrian 
cratons constructed from amalgamated Archean microcontinents, accreted Proterozoic terranes, 
and resulting orogenic sedimentary basins (e.g. Gibb et al., 1983; Hoffman, 1988; Burchfiel et 
al., 1992). Its central location within known supercontinents of the Archean and Proterozoic i.e. 
Kenorland, Ur, Nuna, Colombia, (e.g. Hoffman, 1988; Hoffman, 1998; Foster et al., 2006) 
provides an ideal study for continental evolution, supercontinent growth, and the onset of 
modern plate tectonics (Fig. 2.1; Whitmeyer and Karlstrom, 2007). The major amalgamation of 
at least seven Archean microcontinents in the Paleoproterozoic Era formed the Laurentian shield 
by ~1800 Ma (Fig. 2.1). However, reconstructions and paleogeography following the initial 
nucleation of Laurentia have been continually reinterpreted (e.g. Hoffman, 1981).  
The southwestern margin of Laurentia is an especially important pivot point for argued 
paleotectonic reconstructions (e.g. Bennet and DePaolo, 1987; Hoffman, 1989; Moores, 1991; 
Whitmeyer and Karlstrom, 2007; Goodge et al., 2008). The identification of surviving blocks 
and the extent of accreted basement terranes within the margin is largely based on the 
geochronology and the isotopic character of exposed basement (e.g. Carlson and Irving, 1994). 
However, basement outcrops within the margin are sparse due to extensive cover (i.e. Idaho 
Batholith, Snake River Plain/ Challis volcanism; e.g. Scholten, 1957; Toth and Stacey, 1992; 
Hyndman, 1993; Mueller et al., 1995; Foster and Fanning, 1997; Goodge et al., 2010; Gaschnig 
et al., 2011). 
2.2 The Southwestern Margin of Laurentia 
 The southwestern edge of the Laurentian craton consists of Proterozoic - Paleozoic 
accreted terranes and sedimentary basins immediately west of the Archean Wyoming craton 
7 
(Fig. 1.1; 2.2; e.g. Hoffman, 1988; 1989; Foster et al., 2006; Whitmeyer and Karlstrom, 2007). 
The boundaries of these terranes/basins are largely unconstrained.  
 The region immediately west of the Archean Wyoming Province underlain by 
Paleoproterozoic (1600 – 2400 Ma) rock has been termed the Selway terrane (Foster et al., 2006; 
Fig. 2.1). This terrane was proposed based on the ages of inherited zircon grains within in the 
Pioneer, Boulder, Tobacco Root, and Mount Powell Batholiths of southwest Montana and on the 
ages of outcrops of metamorphic and igneous rock in the Biltmore anticline, Beaverhead Range, 
Tendoy Range, Highland Range, and Bitterroot Range in western Montana (Fig. 2.2; Table 1.1; 
Foster et al., 2006; Gaschnig et al., 2008). These ages (1600 – 2450 Ma) are inconsistent with 
crystallization ages of previously established terranes along the southwestern margin of 
Laurentia (Foster et al., 2006; Mueller and Frost, 2006). Paleoproterozoic crystallization ages in 
conjunction with Sm-Nd depleted mantle model ages of 1630 – 1900 Ma prompted Foster et al. 
(2006) to propose the existence of a separate, Paleoproterozoic arc-like terrane, the Selway 
terrane (Fig. 1.2) that extends as thick basement through Idaho to the Permian-Jurassic Salmon 
River Suture (Sri 0.706). This terrane is supported by magnetic anomalies that denote a distinct 
basement boundary at the western edge of the Wyoming Province (Sims et al., 2004). Based on 
ages of xenocrystic zircon in the Idaho batholith, the Selway basement is proposed to extend at 
least to the southern edge of the Idaho batholith (Gaschnig et al, 2008).  
 Within the southwest margin of Laurentia are metamorphic outcrops of the Belt – Purcell 
Supergroup, the Windermere – Syringa Supergroup, and the Paleozoic terranes (Table 1.1; Fig. 
2.2). The Mesoproterozoic deposits of the Belt-Purcell Supergroup (1400 – 1470 Ma) crop out 
from central Idaho into southern British Columbia (Table 1.1; Fig. 2.2). Neoproterozoic 
Windermere-Syringa sediments (570 – 750 Ma) crop out along the length of the Canadian 
Cordillera and east-central Idaho (Table 1.1; Fig. 2.2). Paleozoic passive margin sediments are 
8 
exposed in central Idaho, northern Utah and Nevada and southern British Columbia (e.g. 
Reynolds, 1984, Smith and Gehrels, 1991; Whitmeyer and Karlstrom, 2007; Lund et al., 2009). 
 
Table 2.1: U/Pb ages of Archean – Proterozoic basement outcrops along the southwestern margin 
 of Laurentia 
Eon Province Area / Unit U-Pb Ages (Ga) Description Age Reference
Ne
op
rot
ero
zo
ic
WINDERMERE
Granjean, Payette River - ID 0.669 ± 0.012 Inherited Gaschnig et al., 2008
Rocky Bar - ID 0.688 ± 0.011 Inherited Gaschnig et al., 2008
Roaring/Boise River - ID 0.691 ± 0.013 Inherited Gaschnig et al., 2008
House Mountain Paragneiss - ID 0.695 ± 0.01 Crystallization Alexander et al., 2006
 0.726 ± 0.01 Crystallization Alexander et al., 2006
BELT-PURCELL
M
eso
zoi
c
Belt-Purcell - ID, B.C. 1.4-1.47 Crystallization Ross and Villeneuve, 2003
Libby tuff - Missoula 1.401± 0.003 Crystallization Evans et al., 2000
Prichard (Plains - Paradise) 1.46-1.47 Crystallization Sears et al., 1998
Purcell lava - B.C. 1.443 Crystallization Evans et al., 2000
Logan Pass tuff 1.454 Crystallization Anderson and Davis, 1995
Perma Sills-Aldridge 1.468 ± 0.002 Crystallization Anderson and Davis, 1995
SELWAY
Pa
leo
pr
ote
roz
oic
Boehls Butte - ID 1.79 Crystallization Foster et al., 2006
Mount Powell Batholith - MT 1.63±0.03 Crystallization Foster et al., 2006
Atlanta lobe - ID 1.73-1.75 Inherited Foster et al., 2006
Bitterroot lobe - ID 1.7-1.8 Inherited Foster et al., 2006
Pioneer Batholith - MT 1.7-1.8 Inherited Foster et al., 2006
2.0 Inherited Foster et al., 2006
Little Belt Amphibolite - MT 1.82±0.01 Crystallization Foster et al., 2006
Pioneer Mountains - MT 1.86±0.01 Crystallization Foster et al., 2006
Biltmore Anticline - MT 1.89±0.02 Crystallization Foster et al., 2006
Boulder Batholith - MT 1.7-1.9 Inherited Foster et al., 2006
BeaverHead Range -MT 1.78 Crystallization Foster and Mueller, 2005
2.45 Crystallization Foster and Mueller, 2005
Wasatch Range - UT 1.8 Crystallization Foster et al., 2006; Mueller et al., 2011
2.45 Crystallization Foster et al., 2006; Mueller et al., 201 1
Little Belt Mountains - MT 1.75-1.71 Cooling age Mueller et al., 2002
Tobacco Root - Highland - MT 1.77 Crystallization Cheney et al., 2004
GFTZ compile - MT 1.77-1.86 Crystallization Mueller et al., 1995
Little Belt Arc - MT 1.86 Crystallization Mueller et al., 1995
WYOMING
GREAT FALLS 
TECTONIC ZONE
Ar
ch
ean
FARMINGTON
Montana Metasedimentary Terrane 3.2-3.5 Crystallization Mueller et al., 2003, etc.
BBMZ - MT 2.5-2.9 Crystallization Mogk et al., 1992
2.8-3.0 Mogk et al., 1992
MEDICINE HAT Medicine Hat compile 2.6-3.3 Crystallization Evans and Fischer, 1986
South Atlana lobe - ID 2.5-2.6 Inherited/crystal Foster et al., 2006; Leeman et al., 1985
2.6-3.2 Inherited Gaschnig et al., 2008
Rocky Bar - ID 2.57 Inherited Gaschnig et al., 2008
MOJAVE Mojave compile - NV,ID,UT 1.7-2.0 Crystallization Foster et al., 2006
PRIEST RIVER Priest River compile - ID >2.6-1.5 Crystallization Lund and Anderson, 2005
GROUSE CREEK
 
  Compile = Ages listed are a range for zircon from this terrane or area. 
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Figure 2.1: Probability density function of inherited zircon grains from the Mt. Powell and 
Pioneer batholiths, Montana, and crystallization ages from the Sheep Creek amphibolite and 
Biltmore quartzofeldspathic orthogneiss that are used to support the existence of the Selway 
terrane (Vogl, 2004; Foster et al., 2006).  
 
 2.2.1 Basement Terranes of the Southwestern Margin of Laurentia 
Comparison of detrital zircon ages and εHf from quartzite and quartzofeldspathic gneiss 
units of the SMC to ages and εHf of the basement terranes along the southwestern margin of 
Laurentia can be used to determine the affinity and provenance of the SMC. Thus, the formation 
ages, detrital ages, and other distinguishing characteristics of basement terranes along the 
southwestern margin of Laurentia are discussed below. Relevant features of these terranes are 
briefly described, oldest to youngest. 
  2.2.1.1 Archean Provinces 
 Distinct Archean provinces along the southwestern margin of the Laurentian craton are 
the Wyoming Craton, Medicine Hat, Priest River, Grouse Creek, and perhaps, parts of the 
Mojave accreted terrane exposed in northern Utah (Fig. 1.1; Fig. 2.2; e.g. Hoffman, 1988; 1989; 
Wooden and Mueller, 1988; Whitmeyer and Karlstrom, 2007). Each terrane is briefly described. 
10 
 Figure 2.2: Compilation map of Archean-Proterozoic geochronologic terranes along the 
Laurentian western margin as seen in the inset map (modified from Foster et al., 2006; Gaschnig 
et al., 2008). The bold Sri 0.706 line marks the western Laurentian boundary. Definitive 
Paleoproterozoic outcrops used to define the existence of the Selway (red dashed outline) are 
dark green (Foster et al., 2006). The SMC (red) crops out within the area of proposed Selway 
terrane. Outcrops of Belt Group (light purple), Windermere (dark purple) and Paleozoic 
sediments (yellow) are shown. 
 
 The Wyoming Province is separated into the three sub provinces: (1) Montana 
metasedimentary province, (2) Beartooth-Bighorn magmatic zone, and (3) the Stillwater 
subprovince. These blocks are characterized by Archean ages of 2500-3500 Ma, detrital ages up 
to 4000 Ma, and a distinctly enriched whole rock 207Pb/204Pb isotopic signature (>14) that 
suggests early crustal extraction for the province (e.g. Wooden and Mueller, 1988; Mogk et al., 
1992; Chamberlain et al., 2003; Mueller et al., 2004; Mueller and Frost, 2006, Chamberlain and 
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Mueller, 2007). Within the Wyoming Province, peaks in magmatic ages are generally 2800, 
2670-2710, 2620-2650, and 2500-2550 Ma (Chamberlain, 1998).  
 The Medicine Hat block (Fig. 2.2) is separated from the Wyoming Province by an 
intracontinental shear zone, the Great Falls Tectonic Zone (GFTZ; Foster and Fanning, 1997; 
Whitmeyer and Karlstrom, 2007). However, seismic continuity and similar Archean magmatic 
ages have been used to suggest that the Medicine Hat block may be rooted to the Wyoming 
craton at depth (Foster et al., 2006). This block has also been proposed as the southern 
appendage of the Hearne Craton (Hoffman, 1989). 
  The Grouse Creek block is a set of Archean rocks (2500-2700 Ma) west of the Wyoming 
craton exposed in the Grouse Creek and Albion Range of southern Idaho and the East Humboldt 
Range of northeast Nevada (Fig. 2.2; e.g. Foster et al., 2006). Similarly, Archean xenolithic 
zircon grains within the southern Idaho batholith and Snake River Plain (Lund et al., 2003; 
Gaschnig et al., 2008) were proposed to represent the Grouse Creek block. The northern terrane 
boundary near the northern rim of the Snake River Plains was also inferred from similarly aged 
xenolithic zircon grains (Gaschnig et al., 2008). Sm-Nd model ages of 2600-3500 Ma and a low 
207Pb-204Pb isotopic signature (<15) suggest a different origin distinct from the Wyoming 
Province (Wilson and Akerblom, 1982; Barnett et al., 1993; Nelson et al., 2002; Stroud et al., 
2009).  
2.2.1.2 Farmington Zone  
The Farmington zone, located between the proposed boundaries of the Wyoming and 
Grouse Creek block (Fig. 2.2), has magmatic ages from 1860 to 2450  Ma (Mueller et al., 2002; 
Foster et al., 2006; Mueller et al., 2011). This zone may be a zone of accretion for the Grouse 
Creek block onto the Wyoming craton in the Paleoproterozoic, or it may represent the re-
accretion of the Grouse Creek block after intercratonic rifting (Mueller et al., 2005; Foster et al., 
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2006). Similarly, the Farmington Zone may represent the accretion of Paleoproterozoic Selway 
terrane onto the Wyoming Craton (Mueller et al., 2002, 2011; Stroud et al., 2009). Recent U-Pb 
zircon geochronology of the Owiyukuts and Red Creek complexes in the Wasatch and Uinta 
Mountains, northern Utah, support the existence of an early Paleoproterozoic event (Fig. 2.3; 
Mueller et al., 2007; Mueller et al., 2011). Deposition for these Farmington Canyon units is 
constrained within a ~25 Ma period by a youngest detrital zircon age of 2420 Ma from a 
metasedimentary rock and igneous ages of 2446 ± 11 (Mueller et al., 2011). Archean detrital 
grains for the complex are consistent with detritus from the Wyoming craton and Mojave blocks 
early in the Paleoproterozoic (Mueller et al., 2011).   
 The Priest River – Clearwater Complex is an antiformal exposure of Archean to 
Mesoproterozoic high-grade gneisses and quartzites in northern Idaho and southern British 
Columbia juxtaposed against younger Mesoproterozoic Belt-Purcell Supergroup rocks (Fig. 2.2; 
e.g. Clark, 1973; Doughty et al., 2008). Crystallization ages of augen gneisses from 1500-1570 
Ma suggest a thermal event prior to Belt – Purcell Supergroup sedimentation (Reid et al., 1970; 
Clark, 1973; Doughty and Chamberlain, 2008). These gneisses (e.g. Hauser Lake gneiss) 
surrounding Archean rock may be metamorphosed lower Belt – Purcell supergroup rocks (e.g. 
Evans and Fischer, 1986; Ross and Bowring, 1990; Doughty et al., 1998; Doughty et al., 2006; 
Doughty and Chamberlain, 2008). However, these rocks may also represent pre-Belt – Purcell 
basement because the geochronology for the onset of the Belt – Purcell Supergroup (Prichard 
formation) is not well established (Evans and Fischer, 1986; Armstrong et al., 1987; Sears et al., 
1998). Priest River – Clearwater gneisses have zircon grains with crystallization ages 1500 – 
1570 Ma that are inconsistent with any other unit of the North American Craton. One augen  
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Figure 2.3: Compilation of probability density functions for detrital zircon provenance studies of 
rocks from the Farmington zone, Belt-Purcell Supergroup, and Windermere terrane. Detrital 
grains reported were within 10% discordance. Data taken from Ross and Bowring (1990), Ross 
and Parrish (1991), Ross (1991), Ross and Gehrels (1998), Ross and Villeneuve (2003), Link et 
al. (2007), Stewart et al. (2010), Mueller et al. (2005), and Mueller et al. (2010). 
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 gneiss unit contains detrital grains as young as 1510 Ma with a metamorphic overprint age of 
1300 Ma (Clark, 1973; Doughty et al., 2006). These ages were used to interpret a maximum 
depositional age in the Early Mesoproterozoic (1510 Ma; e.g. Doughty et al., 2006) 
2.2.1.3 Belt-Purcell Supergroup 
 The Belt-Purcell Supergroup is composed of metamorphosed siliciclastic and carbonate 
rocks throughout northern Idaho, western Montana, northeastern Washington, and southern 
British Columbia (e.g. Ross et al., 1992; Lewis et al., 2011). U-Pb zircon ages of igneous 
intrusions and ash flow tuffs of 1401, 1443, 1457, 1468, and 1469 Ma within the Belt – Purcell 
Supergroup rocks confine sedimentation to ~1470 – 1400 Ma, ages consistent with the breakup 
of the short-lived Mesoproterozoic supercontinent Columbia (Höy, 1989; Anderson and Davis, 
1995; Sears et al., 1998; Evans et al., 2000; Ross and Villeneuve, 2003, Gonzalez-Alvarez et al., 
2006). Exceptionally preserved sedimentary structures (Fig. 1.6) in Belt – Purcell rocks were 
used to suggest these rocks represent a rapidly filled intracratonic lacustrine/trapped rift basin, 
possibly analogous to the Caspian Sea (e.g. Hoffman, 1988; Winston and Link, 1993).  
 Detrital ages from the Belt - Purcell Supergroup rocks represent nearly complete rift-to-
drift sedimentation (15-20 km) unconformably overlying Archean – Paleoproterozoic basement 
(Fig. 1.8; e.g. Ross and Parrish, 1991; Gonzalez-Alvarez et al., 2006; Stewart et al., 2010). 
Zircon provenance for Mesoproterozoic- to Archean-aged grains is well established for the Belt 
– Purcell sediments (e.g. Ross and Bowring, 1990; Ross and Parrish, 1991; Ross, 1991; Ross and 
Gehrels, 1998; Ross and Villeneuve, 2003).  
Belt – Purcell sediments have multiple paleocurrent directions and detrital sources (e.g. 
Ross and Parrish, 1991; Stewart et al., 2010). The Ft. Steel, Aldridge, Creston, Grinnell – 
Appekuny, Mt. Shields, and Bonner units that crop out along the eastern edge of the Belt-Purcell 
basin show south to north-northwest paleocurrent direction and contain predominately 
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Laurentian detrital zircon consistent in age to detritus of the Trans-Hudson orogeny and 
Wyoming Craton (Fig. 2.2; Burwash et al., 1988; Ross and Villeneuve, 2003). These units lack 
ages from the North American magmatic gap (NAMG) from 1490 to 1610 Ma (Ross and 
Bowring, 1990; Ross and Parrish, 1991; Höy, 1993; Ross and Villeneuve, 2003; Gonzalez-
Alvarez et al., 2005); a period where ages of zircon have yet to be discovered from the North 
American continent. However, turbidite sequences of the Prichard, Revett, and Wallace 
formations that crop out along the western edge of the Belt – Purcell basin contain abundant 
NAMG grains. These ages are consistent with non-Laurentian, western terranes of the 
Transantarctic Mountains of Antarctica and the Arunta/Gawler inliers of Australia (e.g. Fanning 
et al., 1988; Foster and Ehlers, 1998; Betts et al., 2008; Goodge et al., 2008). However, these 
ages are also consistent with zircon ages from the Priest River – Clearwater Complex that is 
exposed beneath Belt – Purcell outcrops in northern Idaho (Harrison et al., 1972; Winston et al., 
1986; Ross and Parrish, 1991; Ross et al., 2003; Ross and Villeneuve, 2003).  
Metamorphic rocks of the Missoula and Lemhi Groups of the Belt – Purcell Supergroup, 
exposed near Challis, east-central Idaho, indicate a shift of paleocurrents to the northeast. 
Detrital ages for the group are consistent with Laurentian sources of the southwestern United 
States, but Stewart et al. (2010) show that εHf = -12 to +9 from the Bonner and Lemhi formation 
of the Missoula group exceed the range of εHf from zircon of the Yavapai and Mojave terranes 
(εHf = 0 to +5). Similarly, εHf of the Missoula group exceeds the range of εHf (0 to +7) from 
zircon of the A-type magmas of the southwestern United States. These data were used to suggest 
a bimodal sourcing for the Missoula group from both Laurentian and Western sources.  
2.2.1.4 Windermere – Syringa Supergroup 
The Windermere - Syringa Supergroup consist of metamorphosed Neoproterozoic (<1000 Ma) 
rocks scattered along the Cordillera fold and thrust belt throughout Western North America (Fig. 
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2.2; e.g. Stewart, 1972; Ross, 1991; Gaschnig et al. 2008). Recent investigations of inherited 
zircons within the Idaho batholith suggest broad distribution of Windermere rocks throughout 
central and east-central Idaho (Fig. 2.5; i.e. Gaschnig et al, 2008; Lund et al., 2009).   
Two main stratigraphic assemblages consist of siliciclastic and subordinate carbonates 
with volcanic intrusive rocks overlain by more widespread siliciclastic, passive margin turbidites 
(Fig. 2.3, 2.4; Ross and Arnott, 2006).  The lower assemblage, the Toby / Irene formations, is 
unconformably above Belt age material and is interpreted to represent active rifting from 709-
685 Ma waning to 650 Ma (Lund et al., 2003; Fanning and Link, 2004; Lund, 2008; Ross and 
Arnott, 2006). Similar ages are recorded for alkalic plutons within Neoproterzoic – Ordovician 
metasediments of Daugherty Gulch exposed between the Clearwater and Bear Creek Shear 
zones, near Challis Idaho (Fig. 2.6). Age distributions of these rocks are bimodal occurring from 
600 to 710 Ma and from 390 to 490 Ma (Fig. 2.6). Windermere sediments are bound above by 
overlying rift sediments at 569 ± 4.6 Ma. This age along with a Re-Os depositional age of black 
shale of the Old Fort Point formation at 608 Ma suggests most Windermere sedimentation occurs 
in a 40 Ma period from ~610 – 570 Ma (Kendall et al., 2004).   
Detrital zircon distributions of the Windermere sediments in northern Idaho, western 
Montana, and southern British Columbia indicate a consistent bimodal distribution of ages 
greater than 2600 Ma and 2090-1650 Ma (Fig. 2.3; i.e. Burwash et al, 1988; Ross and Parrish, 
1990; Ross and Bowring, 1990; Smith and Gehrels, 1991; Ross and Arnott, 2006; Gaschnig et al, 
2008). Detrital ages of the Syringa metamorphic group yield peak occurrences at 1400-1450, 
1725-1875, 2460-2840 Ma (Fig. 1.8; Ross and Bowring, 1990; Smith and Gehrels, 1991; Mueller 
et al., 2003; Lewis et al., 2006; Stewart et al., 2010). A lack of abundant detrital ages from 2400- 
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Figure 2.4: (Left) General stratigraphy of Archean – Proterozoic units outcropping along the 
western margin in proximity to the study area. (Right) Mesoproterozoic Belt Group units are 
equivalent to the Purcell Group (Canadian), but have only been labeled where appropriate for 
detrital age studies. Similarly, Windermere units are time correlative throughout the western U.S. 
and Canada, but only units relavent to the study area were compared. Data taken from Ross and 
Bowring (1990), Ross and Parrish (1991), Ross (1991), Ross and Gehrels (1998), Ross and 
Villeneuve (2003). 
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Figure 2.5: Location map of Proterozoic U-Pb zircon age data of south-central Idaho surrounding the SMC (red). The ages shown 
represent the mode age for inherited zircons from each sample location. This map is modified after Gaschnig et al. (2008) including 
age data from Leeman et al. (1985), Wolf et al. (2005), Alexander et al. (2006), Durk et al. (2007), Link et al. (2007), and Lund et al. 
(2009) on Google Earth basemap. 
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Figure 2.6: Igneous zircon ages from the Lemhi/Daugherty Gulch area near Challis, east-central 
Idaho (data from Lund et al., 2003; Lund et al., 2010). Samples yield two major age distributions 
from 600 – 750 Ma (blue) and ~ 400 – 500 Ma (green). Weighted averages are 658  7 Ma for 
the upper ages and 460  13 Ma for the lower.  
 
 
1800 Ma and a lack of ages in the NAMG are used to suggest the northern Alberta basement is 
not likely a dominant source for the Windermere – Syringa in central Idaho (Ross and Arnott, 
2006). Rather, the source for the Windermere – Syringa Supergroup ages are the Wyoming 
Craton and underlying Belt – Purcell Supergroup (Smith and Gehrels, 1991; Ross and Arnott, 
2006). This age data is consistent with paleocurrent data throughout the Windermere – Syringa 
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Supergroup (ripple – dune cross stratification) that indicates east-southeast to west-northwest 
flow (Ross and Bowring, 1990).  
Detrital zircon age distributions for Windermere Group rocks are similar to Archean – 
Mesoproterozoic ages in Belt – Purcell rocks, but also include ages consistent with rifting from 
~750 – 650 Ma (Fig. 2.3; Lund et al., 2010). Very few Windermere – Syringa zircons have ages 
from 800 – 1300 Ma. The presence of glaciomarine sediments and conglomerates suggests the 
underlying Belt Super group is a proximal source for the Windermere – Syringa rocks (Aalto, 
1971; Burwash et al., 1987, Lund et al., 2003). Similar whole rock Nd isotopic data from the 
Toby formation, at the base of the Windermere, and upper Belt – Purcell rocks may also indicate 
primary sourcing of the Belt-Purcell for the Windermere – Syringa rocks.  
A similar bimodal distribution of ages is observed from inherited zircon within the Idaho 
batholith of southern Idaho (Fig. 2.5). These grains have Neoproterozoic (660 – 730 Ma) and 
Archean ages (2550 – 2700 Ma) consistent with the Windermere – Syringa Supergroup. These 
inherited ages have been used to suggest extensive sampling of the Windermere – Syringa-aged 
rock below the surface (Gaschnig et al., 2008).  
  2.2.1.5 Paleozoic Passive Margin 
 Rift sediments continued to deposit in a passive margin along the southwestern margin of 
Laurentia in the Paleozoic (e.g. Smith and Gehrels, 1991; Burchfiel and Davis, 1992; Lund et al., 
2003, 2008; Sims et al., 2005). As rifting waned, thick Cambrian sands were deposited along the 
western passive margin. As sea levels rose through the Ordovician, sedimentation of shallow-
marine, calcium rich-muds and dolomites covered most of the western United States (Burchfiel 
and Davis, 1992).  
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Detrital zircon age distributions from Paleozoic sediments yield multiple age groups 
representing inheritance from the Paleozoic to Archean (Fig. 2.7). However, inheritance is not 
uniform along the Cordillera and depends primarily on paleogeography and source terrane(s) 
(e.g. Rainbird et al., 1992; Gehrels and Ross, 1998; LaMaskin, 2012). A large number of detrital 
ages from Paleozoic sediments typically occur from 1000-1200, 1350-1450, and 1700-1850 Ma, 
and few to no grains occur from 490-550 Ma, 600-700 Ma, or within the NAMG. 
2.3 Other Possible Laurentian Source Terranes 
 The SMC is not likely an outcrop of any terrane outside of the southwestern margin of 
Laurentia. However, these other terranes may contribute detrital zircon grains to the SMC 
quartzites. Thus, these terranes are briefly described subsequently.  
 2.3.1 Paleoproterozoic Terranes of the Southwestern United States 
The Mojave, Yavapai, and Mazatzal Provinces accreted along the southern Laurentian margin 
during the Paleoproterozoic from 1850 – 1600 Ma (Fig. 1.1; Hoffman, 1988; Whitmeyer and 
Karlstrom, 2007). These terranes yield a significantly enriched 207Pb/204Pb signature, in excess of 
15, separating these terranes from the Wyoming Craton (Zartman, 1974; Mueller and Wooden, 
1988). Upper amphibolite to granulite, Paleoproterozoic to Archean gneisses of the Mojave 
terrane (1780 to 1680 Ma) are juxtaposed against the Archean Wyoming craton throughout 
Nevada, northern Utah, and Wyoming (e.g. Bennet and DePaolo, 1987; Karlstrom and Bowring, 
1988, 1993; Wooden and Mueller, 1988). Metasedimentary gneisses with crystallization ages of 
2600 – 2830 Ma suggest portions of the Mojave Province were established by the Archean  
(Wooden, 1994; Duebendorfer et al., 2006). The Yavapai province collided with the Mojave 
from 1800 – 1700 Ma producing extensive granitoid and anorthosite intrusions along the sutures 
(Whitmeyer and Karlstrom, 2007).  
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Figure 2.7: Compilation of probability density functions for prior detrital zircon provenance 
studies of the U.S. and Canadian Paleozoic rock. Sample locations are shown on the adjacent 
map. Data taken from Ross and Bowring (1990), Smith and Gehrels (1991; 1994), Gehrels and 
Ross (1998).  
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 The late Paleoproterozoic addition of the Mazatzal Province onto the Yavapai from 1650 
– 1600 Ma was followed by a period of extensive anorogenic (A-type) magma generation 
throughout the southwestern United States (e.g. Anderson and Morrison, 1992; Dickinson, 
1988;Whitmeyer and Karlstrom, 2007). A-type granites and anorthosites of the southwest United 
States range in age from 1480 – 1350 Ma and have abundant zircon ages at 1470, 1455, 1440, 
and 1380 Ma (Chamberlain et al. (2003). These rocks also have distinct Hf values of 0 – 7.  
 2.3.2 Grenville Orogeny 
The accretion of Grenville Province rocks along the south and eastern edge of Laurentia 
from 1200 – 1000 Ma produced an abundance of zircon (Moecher and Samson, 2006). Grenville 
age equivalent rocks in the Baltic Peninsula, Transantarctic Mountains, and parts of Australia 
have been used to interpret that a continuous belt of deformed material linking these continents 
as far back as the Mesoproterozoic (e.g. Moores, 1991; Goodge et al., 2010). Granitoids 
produced within the Grenville Province are similar in appearance to those of the central rhyolite 
province (1480 – 1350 Ma), but they exhibit particular zircon fertility that leads to a natural bias 
within detrital studies throughout the western United States and Mexico (Dickinson and Gehrels, 
2003; Mueller et al., 2007; Condie, 2009; Dickinson and Gehrels, 2009; Leier and Gehrels, 
2011; Fig. 2.6).  
2.4 Previous Work in the Sawtooth Metamorphic Complex  
  The Sawtooth Metamorphic Complex (SMC) is an exposure of metamorphic rocks 
within the Sawtooth Range, central Idaho (Fig. 2.8). The Sawtooth Range consists of 
predominately Sawtooth granite and lesser amounts of Idaho granodiorite – tonalite (e.g. Reid, 
1963). The eastern extent of the range is bounded by the east-dipping Sawtooth (normal) Fault 
that separates the uplifted Sawtooth horst block from the Stanley Basin to the east (Reid, 1963).  
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The characteristic appearance of the Sawtooth Mountains can be attributed to extensive 
Pleistocene glaciation sculpting high cirques, broad U-shaped valleys, distinctive serrated ridges 
and fractures (Fig.2.8). Large lateral and terminal moraines developed during Holocene 
glaciations are oriented normal to the range front and cover much of the Sawtooth Fault (Fig. 
2.8; e.g. Thackray et al., 2006; Johnson, 2010). 
 
Figure 2.8: Photo of the Sawtooth Range and study area near Stanley, Idaho looking west. Note 
the U-shaped valleys and glacial cirques. In the foreground, lateral moraines cover the Sawtooth 
fault. Areas of study are labeled on the photograph. (Photo from P. Bergeron)  
 
 
 The SMC, first mapped by Reid (1963) as an undifferentiated Precambrian roof pendant, 
spans approximately 33 km2 at the northeastern boundary of the Sawtooth Range near Stanley, 
Idaho (Fig. 2.2). The complex is bounded to the north and south by the Sawtooth granite and the 
west by Idaho granodiorite (Reid, 1963; Dutrow et al., 1995). More detailed mapping of the 
complex by Dutrow et al. (1995, unpublished data) and Metz (2010) differentiated eight major 
rock types and 20 north-trending metasedimentary and metaigneous units; these are quartzites, 
quartzofeldspathic gneisses, calc-silicate gneisses, mylonitized marbles, amphibole-gneisses, 
metagabbros, pyroxene gneisses, and migmatites. 
Thompson	Peak	 Williams	Ridge	 Marshall	Bowl	
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Previous pressure and temperature calculations for selected samples within the SMC that 
yield peak conditions reaching the lower granulite facies of T = 750-850˚ C, at P = 6-9 kbar 
(Dutrow et al., 1995). Four initial Sm/Nd depleted mantle model ages range from 1640 – 2360 
Ma (Mueller and Dutrow, unpublished data). The highest-grade conditions of T = 795˚ C and P = 
7.2 kbar calculated for a metapelitic (aluminous) gneiss are suggestive of middle-lower crustal 
conditions (Anderson, 1995; Dutrow et al., 1995). These data are consistent with that of 
collisional/ accretionary terranes. Calc-silicate gneisses, amphibolites and two aluminous 
gneisses yield a temperature range of ~ 615 – 715˚C at pressures of 5 – 7 kbar further indicative 
of a transitional granulite facies (Anderson, 1995; Dutrow et al. 1995).  
The present location of the SMC within the region of the proposed Selway Terrane and 
the transitional granulite metamorphic P-T conditions similar to accretionary (basement) terranes 
were used to suggest the SMC may represent a remnant of the Selway terrane. To test this 
hypothesis, detrital zircons within SMC quartzites and quartzofeldspathic gneisses were analyzed 
to determine U/Pb detrital ages for SMC rocks. Because SMC units contain ages younger than 
Selway, the SMC is likely a metamorphosed component of the Belt – Purcell Supergroup, 
Windermere – Syringa Supergroup, or Paleozoic passive margin. Comparison of zircon ages and 
εHf from SMC quartzites and quartzofeldspathic gneiss to the ages of these basement terranes 
has been used to establish provenance for the SMC units analyzed in addition to their ages and 
likely terrane affinities.  
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CHAPTER III. METHODS 
3.1 Field Methods 
 Fieldwork in the Sawtooth Metamorphic Complex, Idaho was concentrated over a two-
week period in July during an unusually high snow year. Many units west of Thompson Peak 
and Williams Ridge, as well as the upper Marshall Bowl, remained covered with snow through 
the 2011 field season. Detailed mapping and sample collecting were concentrated within the 
bowl immediately north of Williams Ridge, referred to as Marshall Bowl (Fig. 2.8; 3.1). Samples 
for geochronology were also collected along the eastern approach to Thompson Peak (Fig.3.2; 
3.3) Location of the field area within the Sawtooth Wilderness limited access to foot travel. 
Samples were collected in accordance with a permit granted by the National Forest Service for 
the wilderness area. UTM coordinates were recorded for all sample locations and directly plotted 
onto 1:24,000 USGS topographic base maps (APPENDIX A, B). 
 
Figure 3.1: Photo of Williams Ridge looking west – northwest into upper Marshall Bowl. Blue 
pack is sitting on a unit of quartzofeldspathic gneiss (Photo from P. Bergeron)
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3.2 Petrography  
 Twenty-nine samples were selected for thin-section preparation and petrographic analysis 
to determine mineral assemblages, rock type, metamorphic textures and suitability for U-Pb 
detrital geochronology (Appendices A – B). Thin sections were cut parallel to direction of 
maximum elongation when discernible from hand specimens. Special attention was paid to the 
presence of zircon, particularly grain texture, zonation, inclusion mineralogy, and morphology. 
Of these, nine samples were selected for zircon separation.  
 Samples from three quartzite units in the Thompson Peak – Marshall Bowl area were 
targeted to determine detrital U-Pb age distributions.  ST11-02 and ST11-40 collected at the 
southern and northern extent, respectively, of the western-most mapped quartzite unit (Fig. 3.2). 
Samples ST09-01 and MB11-61 were collected at the southern and northern extent, respectively, 
of the eastern-most quartzite unit (Fig. 3.2). ST11-08 was the single sample analyzed from the 
quartzite unit near Profile Lake, beneath Thompson Peak (Fig. 3.2). 
 3.2.1 Heavy Mineral Separation and Characterization 
 Zircon grains of five quartzite samples and four quartzofeldspathic samples were 
separated at Louisiana State University (LSU) using a standard multistep density separation 
procedure (Appendix C) for U/Pb age dating. Quartzite and quartzofeldspathic samples were 
mechanically disaggregated to produce sand-sized particles; these were sieved with a 250µm – 
450µm mesh to acquire all size fractions of zircon noted in thin-section analysis. Shrapnel from 
disaggregation and heavily magnetic minerals were removed from the sample via hand-magnets. 
Remaining fine-grain sand-sized particles were then filtered through bromoform or acetylene 
tetrabromide heavy liquid ( 2.89-2.96 g/mL). The collected heavy minerals were washed in 
acetone and allowed to air dry before passing multiple times through a Frantz magnetic 
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separator. The “non-magnetic” minerals were filtered using methylene iodide ( 3.33 g/mL) to 
concentrate zircon grains with an appropriate density of  ~ 4.2 g/mL or higher.  
 Resultant mineral populations were composed of zircon, with trace amounts of rutile, 
apatite, and titanite. Zircon grains were hand selected under a binocular microscope based on 
crystallography and optical properties and were mounted in epoxy blanks (n = 3) together with 
Duluth gabbro mineral standards (n = 10 per mount) and polished at the University of Florida at 
the Center for Isotope Geoscience (Appendix D). All grains were imaged by secondary (Fig. 3.2) 
and backscatter electron images and cathodoluminescence (CL; Appendix E) to display core and 
overgrowth relations These images provided the basemap for targeting zircon analyses. Images 
were collected on the JEOL JSM-840A scanning electron microscope at LSU using an operating 
voltage of 15 kV and probe current of 6x10-9A. Analytical targets for analyses were selected 
from low metamict cores lacking mineral inclusions as indicated in CL images. Well-polished 
surfaces were ensured by secondary electron images.  
 
 
Figure 3.2: Secondary electron images of euhedral zircon grains from ST09-01 showing the 
typical tetragonal crystal morphology. The dark circles seen in image A and C are laser ablation 
pits. 
 
A	 B C	
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 3.2.2 LA-ICP-MS 
 U-Pb and Hf isotopic analyses were performed at the University of Florida Center for 
Isotope  Geoscience on a Nu Plasma, multi-collector inductively coupled plasma mass 
spectrometer (MC-ICP-MS) utilizing a New Wave UP-213 laser ablation (LA) system. Six 
hundred and sixteen time resolved analyses were obtained and monitored using the Nu Plasma 
version 1.3.7025 software (Appendix F). Detrital grains were analyzed at one spot per detrital 
core. Rare overgrowths greater than twenty microns were targeted for additional age data. To 
acquire the optimal number for detrital analyses, 117 concordant grains per detrital sample were 
attempted, but were not achieved. Standards were analyzed before aquiring data on unkowns and 
and between every 10 analyses to monitor changes in plasma and isotope delivery by Ar-He gas 
mixture.  
3.2.2.1 U/Pb Ages 
U-Pb isotopic data was collected from 20-micrometer laser ablation spots with the laser 
operating at 60 % power and a 6 Hz collection frequency. Data was reduced using CALAMARI 
(Paul Mueller, personal comm.) and ISOPLOT (Ludwig, 2003) programs. Reduced ages 
recorded were uncorrected for common lead. The associated error is 2 of the age unless 
otherwise noted. Preference of radiometric ages followed Bruguier et al. (2001) in that calculated 
ages <1000 Ma are reported as 207Pb/206Pb ages. Analyses with younger 207Pb/206Pb ages are 
reported with the associated 206Pb/238U age to avoid error related to increased lead loss.    
Detrital zircon age distributions are represented by histograms with a 50 Ma bin width to 
ensure > 90 % efficiency (Sircombe, 2000) and probability density functions calculated from 2σ 
absolute error. Confidence that all major age populations are represented is calculated based on 
Vermeesch (2004) i.e. the probability that at least one fraction comprising a given percentage of 
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the entire sample has been missed is directly dependent on the total number of grains analyzed. 
Prior studies (e.g. Dodson et al., 1988; Morton et al., 1996; Cawood et al., 2001) suggest that 60 
grains are fully representative, but Vermeesch (2004) shows there is a 64 % chance that at least 
one fraction > 0.05 % is absent with 60 analyses. Although Vermeesch (2004) suggests 117 
analyses are required to statistically represent every significant age population at the 95 % 
confidence level, he provides quantification of confidence for studies with fewer analyses.  
 Age distributions of zircons from the SMC units are visually compared with age 
distributions compiled from previous literature for the Belt – Purcell Supergroup, the 
Windermere – Syringa Supergroup, and select Farmington Canyon and Paleozoic passive margin 
units (Ross	and	Bowring,	1990;	Ross	and	Parrish,	1991;	Ross,	1991;	Smith	and	Gehrels,	
1991,	1994;	Ross	and	Gehrels,	1998;	Ross	and	Villeneuve,	2003;	Mueller	et	al.,	2005;	Link	
et	al.,	2007;	Mueller	et	al.,	2010;	Stewart	et	al.,	2010). Detrital zircon age distributions of the 
terranes surrounding the SMC are similarly organized into histograms with 50 Ma bin size and 
probability density functions to visually compare maximum depositional ages and general age 
patterns. Probability density plots for grains from each unit of the SMC are visually compared to 
individual units of the surrounding terranes, where available, to estimate consistencies in age 
distribution and provenance. 	
3.2.2.2 Hafnium Isotopes 
Hafnium (Hf) isotopes were collected with operating conditions similar to those used for  
U-Pb isotopes, but Hf spots were ablated at 40-micrometer beam size and 70 % laser power. 
Hafnium was standardized on the same Duluth gabbro standards as used for U/Pb isotope 
analyses. Standards were analyzed prior to analysis of the unknowns and after every twenty 
analyses. Spot analyses for Hf isotopes analyses of most grains partly to wholly overlay previous 
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U-Pb ablation pits to ensure consistent age basis for calculation of Hf. Hafnium spot analyses 
were restricted by grain size such that only one analysis per grain was possible. Data was 
reduced and Hf was calculated by ISOTOPIA (Appendix G; Paul Mueller, personal 
communication).  
 Equation 1:  εHf = [(176Hf/177Hf)t / (176Hf/177Hf)chondrites – 1 ] x 104 
 
 3.2.2.3 Radiogenic / Common Lead 
Ratios of radiogenic lead (206Pb) to common lead (204Pb) from LA-ICP-MS analyses 
cannot be used to assign grain provenance from established regional isotopic provinces (e.g. 
Zartman, 1974; Wooden and Mueller, 1988). However, 206Pb/204Pb ratios may be useful for intra-
unit comparison and error evaluation.206Pb/204Pb is a ratio of radiogenic/common lead within 
SMC detrital grains, but a large sample error is associated due to isobaric interference of 204Hg 
from the Ar-decay system (P.Mueller, Personal Communication). 
3.3 Statistical Analyses 
Units with visually similar distributions were statistically compared using the 
Kolmogorov – Smirnov statistic (K-S test) and the two sample F-test (APPENDIX H; e.g. 
Kolmogorov, 1933; Roddick, 1987). These tests were used to determine whether two 
distributions are statistically dissimilar; therefore, the tests provide a “goodness of fit” for two 
distributions. However, these tests cannot quantify the similarity of two distributions (Amidon et 
al., 2005; Lovera et al., 2008; Dickinson et al., 2009; Martin, 2011) 
3.3.1 Kolmogorov-Smirnov Two-Sample Test 
The two-sample Kolmogorov-Smirnov statistic is used as a “goodness of fit” test to 
compare the SMC quartzite units to one another as well as to compare samples from the same 
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unit (Kock and Link, 1971). Similarly, this test was also used to compare SMC units to 
compilations of units from other terranes. This non-parametric test quantifies the distance 
between the empirical distribution functions of the two samples to establish if the samples may 
have been derived from the same source (Kolmogorov, 1933; Smirnov, 1948).  
Equation 2: 
 HO :  Fn(x) = Fm(x) 
 
 Ho :  D > Ds   samples are not derived from same distribution 
 Ha : D < Ds   the data is inconclusive for relatedness 
 
  D =  supx Fn(x) –Fm(x) 
  Dcrit = 1.36*Sqrt [(n1+n2)/n1n2] 
In the equation above, the Kolmogorov-Smirnov statistic, D, is calculated based on the 
difference between the empirical distribution functions, Fn(x) and Fm(x), for samples being 
compared (e.g. Kolmogorov, 1933; Smirnov, 1948; Kock and Link, 1971) . This number is then 
compared to the critical statistic derived from sample number (m,n) and Smirnov’s test 
coefficient (from Pearson and Hartley, 1972; Smirnov, 1948). Rejection of the null hypothesis 
(Ho) would statistically support that the two samples are not derived from the same source. If D 
is smaller than Dcrit, the alternate hypothesis (Ha) is supported. This does not necessarily suggest 
derivation from the same source, but rather, that this data is inconclusive to define source 
relatedness. Thus, these two age distributions may represent a derived source. 
3.3.2 Two-Sample F-Test 
 
The F-Test is a one-sided Fisher variance test (homogeneity) to determine whether the 
variance of one sample array is statistically different from another (Koch and Link, 1971). 
Variance is calculated based on deviation from the mean of a population, thus, the ratio of 
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variances should approach one if the two arrays are not significantly different. However, this 
ratio varies based on varying degrees of freedom and multiple confidence levels. Thus, critical 
values for comparing F-statistics are listed according to sample size (Koch and Link, 1971).  
Equation 4: 
   F=21/22 
 Where F is the F-statistic and  is the calculated variance for each distribution 
If variance of one sample is significantly larger than the other, the null hypothesis can be 
rejected. This occurs when the F-statistic is larger than the appropriate critical value. If the F-
statistic is lower than the critical value, the null hypothesis is not rejected, and the two samples 
share a characteristic variance and possibly similar sources.  
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CHAPTER IV. RESULTS 
4.1 Geological Mapping of the SMC 
 
 Detailed geological mapping in the 2011 field season concentrated on the metamorphic 
units north of the Williams Ridge, in the Marshall Bowl (Fig. 4.1, 4.2), an area that had not been 
previously mapped in detail. This mapping differentiated units originally mapped as 
undifferentiated Precambrian metamorphic rocks (Reid, 1963). When compared with units 
mapped in the area immediately south of the study area (Fig.4.1; Dutrow, personal 
communication; Metz, 2010), units appear to be continuous from the Profile Lake area to 
Marshall Bowl along a roughly north-south strike. Units appear to be dipping at high angles 
(>80˚; Fig. 4.1). Units mapped along the northern-most ridge between Marshall Bowl and 
Meadow Bowl crop out above 45-55˚ unstable talus slopes with angles of 45 – 55˚ (Fig. 4.2). 
 Field distinction for the mapped units was initially based on field relations, mineralogy, 
and texture of the dominant rock type. Eight lithologic units were defined: quartzite, 
quartzofeldspathic gneiss, calc-silicate gneiss, mixed quartzofeldspathic – calc-silicate gneiss, 
marble-mylonite, titanite-amphibole-biotite gneiss, metagabbro, and biotite-amphibole gneiss. 
These unit descriptions were consistent with units previously mapped (Dutrow et al., 1995; 
unpublished data; Metz, 2010). Quartzite and quartzofeldspathic gneiss samples were 
petrographically analyzed in detail because these lithologies contain an abundance of detrital 
zircon (Appendix A – B).  
 4.1.1. Quartzite Units 
 Quartzites in the SMC are resistant to weathering and can be distinguished easily as 
headwalls and ridges (Fig. 4.3). Many outcrops show glacial polish and striations. Outcrops 
range in color from a blue-grey to grey-white. Quartzites were visually classified as greater than 
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Figure 4.1: Geologic Map of the Thompson Peak – Marshall Bowl area along the eastern boundary of the SMC. Nineteen units, as 
previously identified, were continued north along strike from the Thompson Peak area into Marshall Bowl. The area near Profile Lake 
was mapped by Dutrow (1995 – unpublished data) and Metz (2010).  
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Figure 4.2: Sample location map for SMC samples used in this study. Five samples collected by Metz (2010) are indicated by ST09 
prefix. Locations are mapped Google Earth; 3-D orientation is looking west at a ~ 40˚ angle to the ground surface. 
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Figure 4.3: Representative outcrop and hand-sample photos of quartzites in the Thompson Peak 
and Marshall Bowl areas.  
A. Typical outcrop of qtz4 from this area.  
B. Hand sample of qtz4- ST11-02 showing a naturally polished surface. 
C. Cut and polished sample of qtz3-ST11-08 that exhibits large (2-3mm) recrystallized quartz 
grains.  
D. Hand sample of qtz1-MB11-61 contains much smaller quartz grains (< 1 mm). 
 
A.
B. C
D.
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75 modal amount quartz (Fettes and Desmons, 2007). However, in thin section, SMC quartzites 
typically contain greater than 85 modal amount quartz. All assemblages consist of recrystallized 
quartz grains with (plagioclase) feldspar grains. In addition, trace to minor amounts of pl + bt + 
zrn + chl ± kfs ± ttn ± amp ± opx are present (Table 4.1). All assemblages consist of 
recrystallized quartz grains with biotite and alkali and plagioclase feldspar grains. Foliation is 
typically exhibited in hand samples by foliation of micaceous grains and petrographically by the 
elongation of feldspar and quartz grains. (Fig. 4.3). 
Table 4.1: Mineral abbreviations used in this study (after Kretz, 1983; Whitney and Evans, 2010)  
 
 Four spatially separate quartzite units were mapped to continue north from the Thompson 
Peak area (Dutrow et al., 1995, unpublished; Metz, 2010). Quartzite units were differentiated 
based on location and mineralogy. These are: qtz1 = alkali-feldspar-biotite quartzite; qtz2 = 
plagioclase-muscovite-alkali-feldspar quartzite; qtz3 = muscovite-biotite quartzite; and qtz4 = 
rutile-bearing plagioclase-muscovite-biotite-quartzite (Fig. 4.1). Assemblages for qtz1 and qtz2 in 
Marshall Bowl were consistent with the location and original descriptions by Metz (2010), but 
visual estimations of mineral abundance differed up to 5 modal percent for feldspar and micas. 
Abbreviation Mineral Name Abbreviation Mineral Name
Aln allanite Hbl hornblende
Amp amphibole Kfs K-feldspar
Ap apatite Mnz monazite
As aluminosilicate Ms muscovite
Bt biotite Opx orthopyroxene
Cpx clinopyroxene Pl plagioclase
Cal calcite Py pyrite
Chl chlorite Qtz quartz
Czo clinozoisite Rt rutile
Ep epidote Sil sillimanite
Grt garnet Tlc talc
Gr graphite Ttn titanite
Hem hematite Zrn zircon
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Similarly, qtz3 and qtz4 were consistent in mineralogy to original descriptions by Dutrow et al. 
(1995; unpublished data), but thin-sections of qtz3 did not contain feldspar. No Cr-muscovite was 
identified within qtz3 or qtz4 in the Marshall Bowl area or during resampling in the Thompson 
Peak area. Cr-muscovite was found in situ along a quartz vein occurring in the csg3 (Fig. 4.4) and 
consistently as talus near Profile Lake and upper Marshall Bowl (Appendix I). 
 Samples of qtz1 contain 90 – 95 % quartz and 3 – 5 % biotite plus the other minerals 
mentioned previously. Feldspar comprises 3-5 percent of the rock, but is largely altered to 
sericite. Samples from qtz3 contain greater than 95 modal percent quartz and only minor (~2%) 
modal amounts of micas. Feldspar was not identified within samples of qtz3. Micas within qtz3 
are predominately biotite with trace muscovite. Samples of qtz4 contain 88 - 93 modal percent 
quartz, 3 – 8 modal biotite, 1 – 2 % muscovite, and 3 – 8 modal percent of altered feldspar.  
 
 
Figure 4.4: Cr – muscovite rich quartzite vein within a calc-silicate gneiss near Profile Lake. 
Similar samples are found throughout the Thompson Peak area as fall. Similar fall was noted in 
upper Marshall Bowl, but outcrops were not located. In the Upper Marshall talus field, boulders 
with thick layers of Cr-muscovite (> 3cm) were abundant.  
 
Qtz2 contained greater than 90 modal percent of quartz, about 7 percent feldspar, and 
about 3 percent muscovite. However, only one sample was collected from qtz2. This sample was 
weathered and contained a low modal amount of zircon. Thus, this unit was not analyzed for 
detrital zircon ages.  
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 Quartz grains within quartzite units are deformed to varying degrees resulting in 
heterogeneous patterns of recrystallization. Most quartzites featured low-temperature grain 
boundary migration and bulging (BLG) recrystallization (Passchier and Trouw, 2005) that 
resulted in bands of neoblastic grains between larger quartz ribbons (Figure 4.3a,c). Samples of 
qtz1 exhibited extensive BLG, but quartz grains have not formed an extensive ribbon set. The 
small bulging grain boundaries caused a seriate-interlobate texture (Stipp et al., 2002) that was 
not observed in other quartz units in this area (Fig. 4.3). Samples of qtz3 crop out immediately 
west of Profile Lake (Fig. 4.1) and feature large ribboned quartz with distinct subgrain 
boundaries (Fig. 4.3). These samples exhibited “chessboard” textures (Fig. 4.3a; Stipp et al., 
2002; Passchier and Trouw, 2005). In a single sample of qtz3, very fine (<50 micrometer) 
neoblastic inter-granular boundaries surround quartz grains with deformation lamellae. Large 
(>1-2 mm) recrystallized grains in qtz4 did not exhibit ribbon morphology. Subgrain boundaries 
within the recrystallized quartz were elongate, and resembled “scales” rather than the 
‘chessboard’ texture (Fig. 4.3 a, c).  
 4.1.2. Quartzofeldspathic Gneiss Units 
 Quartzofeldspathic gneisses (QFG) contain 15-25 % quartz and 50-65 % feldspar with 
minor amounts of bt + zrn + ap ± ttn ± ilm ± rt. QFG outcrops typically weathered to red-brown 
and break into 10-20 cm blocks parallel to foliation to form shingle-like ridges (Fig 4.6). Fresh 
surfaces typically range in color from grey-white to tan-brown; color increases correlate with 
increased feldspar and decreased quartz content. 
 Two units of quartzofeldspathic gneiss appear continuous with those in the Thompson 
Peak area (Fig. 4.1; Metz, 2010). Units are: qfg = rutile-zircon bearing-titanite-biotite-alkali- 
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Figure 4.5: Photomicrographs of three samples showing the varied textures typical of quartzites.  
(A) ST11-10A of qtz3 shows neoblastic growth (lower left to upper right) due to bulging 
recrystallization (BLG). Subgrain boundaries (nearly vertical) form a chessboard texture. 
Feldspars in these rocks typically exhibit increased alteration of cores to sericite. (B) Sample 
MB11-61 of qtz1 is the eastern most (lowest) exposure or the unit and has a seriate-interlobate 
texture with fewer and smaller quartz ribbons than other quartz units. (C) ST11-02 of qtz4 has an 
extensive ribbon pattern with similar BLG boundaries, but elongate subgrain boundaries 
(vertical). (Photos from P. Bergeron)
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feldspar-plagioclase quartzofeldspathic gneiss, and csg-qfg = zircon bearing biotite- alkali-
feldspar-plagioclase quartzofeldspathic gneiss with mylonitic textures interlayered with titanite 
bearing plagioclase-orthopyroxene-clinopyroxene-clinoamphibole quartz-calc-silicate gneisses 
and thinly bedded amphibole-biotite-gneiss/schist (Fig. 4.1).  
 The principal mineral assemblage of unit qfg is (18-25 %) quartz, (58-66 %) feldspar, and 
(15-18 %) biotite. These rocks exhibited higher modal amount of zircon and significantly less 
titanite than csg-qfg. These gneisses are interbedded with biotite-gneiss and calc-silicate gneiss 
resulting in heterogeneous banding that varies considerably in mineralogy with spatial 
distribution. Plagioclase is visually estimated to be An20 – 25 based on the Michel Lévy method.  
 Unit csg-qfg is ~55 modal percent feldspar, 25 modal percent quartz, and 10 – 15 modal 
percent biotite. These grains are predominately plagioclase (An28 – 30). Quartzofeldspathic 
gneisses within the csg-qfg unit are nearly identical to that of unit qfg, however, these rocks 
gently grade into more calc-silicate gneisses and lenses of biotite rich schists. Distinction of the 
csg-qfg is based on increased mylonitic and elongate texture and increased interlayering of calc-
silicate gneiss and biotite schist (Fig. 4.6a). Relatively large (1 – 3 mm), tabular feldspar grains 
are characteristic of this unit.  
Two quartzofeldspathic orthogneisses (ST11-17BD and ST11-01BD) were collected from 
Fishhook drainage. These samples are ms-bt- quartzofeldspathic orthogneisses (Fig. 4.1; 4.6). 
ST11-17BD is darker than other quartzofeldspathic gneisses featuring a red – brown appearance 
in hand sample (Fig. 4.6e). Feldspar, comprising 60 – 65 % of the rock, is mostly plagioclase 
with An23 – 31. However, the interior of most grains is altered to sericite making feldspar group 
differentiation difficult in hand specimen. Muscovite and biotite grains are nearly completely 
altered to chlorite.  Quartz grains comprised 20 - 25 modal percent of the Fishhook gneiss. 
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 A          B 
 
C      D    
E  
 
 
 
 
Figure 4.6: Photographs of quartzofeldspathic gneiss hand-samples from Marshall Bowl (A-D) 
and Fishhook drainage (E). Elongation of feldspar and quartz in samples of the csg-qfg unit (A) 
is more easily observed in hand sample than samples of the qfg unit (B) due to larger grain size. 
Quartzofeldspathic gneiss samples from northwest of Thompson Peak (C-D) did not exhibit 
elongation. The Fishhook sample (E) also has an idioblastic texture.  
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Figure 4.7: Photograph of the south-facing ridge separating upper Marshall Bowl and Meadow 
Bowl. Lighter areas marked are quartzite outcrops.  
 
Although the area northwest of the Thompson Peak area was predominately snow-
covered in the 2011 field season, ridges of pelitic schist and quartzofeldspathic gneiss were 
exposed above the snowline (Fig. 4.8.) Samples ST11-04 and ST11-05 are light tan – white bt-
quartzofeldspathic orthogneiss with a fine-grained idioblastic texture (Fig. 4.6 c, d). Feldspar in 
these samples ranges from 50-75 modal percent with higher occurrence of plagioclase (An26 – 30). 
These gneiss samples contain more quartz (25 – 35 %) than samples collected from the Fishhook 
drainage. Biotite comprises less than 10 % of the sample. 
 Quartz grains in quartzofeldspathic rocks exhibit similar grain boundary deformation and 
recrystallization textures as quartzites. Orthogneiss samples from the Fishhook drainage have 
BLG recrystallization, but some areas appear to have grain boundary textures consistent with 
Subgrain Rotation (SGR). Feldspars in these gneisses exhibit more extensive sericitization of 
	
Quartzite	
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grain cores with progressively less alteration toward rims that produces a core-mantle alteration 
texture (e.g. Passchier and Trouw, 2005).   
4.2 Geochronology 
 Zircon separates from nine samples were analyzed for U-Pb isotopes; five quartzite and 
four quartzofeldspathic gneiss samples (Table 4.2). Zircon grains from SMC quartzites, as seen 
under binocular microscope, are subhedral, moderately to well-rounded, colorless – golden-
yellow tabulate crystals (Table 4.2; Fig. 4.9). Zircon grains from quartzofeldspathic gneiss 
samples are also colorless – golden-yellow. However, zircon grains from gneisses have 
consistenly higher aspect ratios than zircon from quartzites (Table 4.2). Detrital cores from 
quartzites are typically rounded and exhibit enhanced cathodoluminescence intensity (Fig. 4.10; 
4.11). Detrital cores of zircon grains from gneisses were consistently smaller than zircon grains 
from quartzites (typically < 50 micrometers). 
 
Figure 4.8: View to the southwest of metamorphic rocks to the northwest of Thompson Peak. 
Ridges are composed of quartzofeldspathic gneiss (foreground) and biotite garnet schists and 
gneisses. Samples ST11-04 and ST11-05 were collected from these outcrops. 
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Table 4.2: Physical properties of zircon grains analyzed by LA-ICP-MS 
 
 
 
 
 
Figure 4.9: Photomicrograph of heavy mineral separates of sample ST11-08 (left) and MB11-18 
(right). Detrital cores vary in shape and size. Metamorphic overgrowths produce grains that are 
generally euhedral to subhedral and relatively consistent in size.  
	A.	 	B.	
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Figure 4.10: Cathodoluminescent images of representative detrital zircons showing laser pits 
with U/Pb ages (Ma) from ST11-02 quartzite (qtz4). The euhedral to subhedral grains show CL 
activated cores with multiple overgrowths. The red circle is the location of U-Pb spot analyses 
(small) and Hf analyses (larger circles). Note a rim age of 1813  12 that may represent 
Proterozoic metamorphism. 
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Figure 4.11: Cathodoluminescent images of representative detrital zircons showing laser pits and U/Pb ages (Ma) from ST11-08 
quartzite (qtz3). The euhedral to subhedral grains show CL activated cores with multiple overgrowths. Red circle is location of U-Pb 
analyses (small) and Hf analyses (larger circles).
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Table 4.3: Youngest U-Pb age distributions for SMC quartzites.  
 
Samples Unit n p = 95% Youngest Youngest 
size frac. detrital Zr (Ma) Cluster (Ma)
ST11-02 qtz4 63 0.09 525 (-20) 1059 - 1163
MB11-40 qtz4 19 0.21 493 (-13) 1067 - 1123
ST11-08 qtz3 59 0.09 1663 (-94) 1704  - 1811
ST09-01 qtz1 19 0.21 1068 (-7) 1068 - 1134
MB11-61 qtz1 31 0.15 1079 (-39) 1070 - 1152
p = 95% size frac.  - Number given is the size fraction (of at least one population) that was not sampled 
at 95% confidence  
 4.2.1 Detrital Zircon U-Pb Isotopes  
 Spot analyses of 407 detrital grains (Fig. 4.12) from all samples yielded 191 207Pb/206Pb 
ages with less than 10 % discordance. All ages were plotted on a Wetherill Concordant plot to 
show trends and discords from the total data. However, because the relationship of SMC 
quartzite units is not well established, each unit will be considered separately. U-Pb ages for each 
quartzite are described in order of occurrence from qtz1 to qtz4 (East to West; Table 4.3).  
4.2.1.1 Qtz1  
MB11-61 of qtz1 yielded 31 concordant ages ranging from 1070 Ma to 2830 Ma with 
major peaks at 1050 – 1150, 1350 – 1450, 1750 – 1800, and 2550 – 2600 Ma (Table 4.3; Fig. 
4.13a). The youngest detrital age is 1073 ± 30 Ma. At 95 % confidence, one fraction ≥ 0.15 was 
missed, and the probability that a fraction ≥ 0.1 was missed is 37 % (Vermeesch, 2004). 
ST09-01 of qtz1 yielded 19 concordant ages ranging from 1070 Ma to 1790 Ma (Table 
4.3). Ages were clustered about three main peaks from 1050 – 1100, 1350 – 1450, and 1750 – 
1800 with a single grain at 1220 Ma (Figure 4.13b). The youngest grain gives an age of 1068 ± 6 
Ma. At 95 % confidence, at least one fraction ≥ 0.21 was missed, and there is also a 79 % chance 
that a fraction exceeding 0.1 was excluded (Vermeesch, 2004). 
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Figure 4.12: Wetherill Concordant plot of all SMC quartzite detrital zircon ages calculated for 
this study. The inset probability density plot and histogram shows the total distribution of detrital 
ages from SMC quartzites.  
 
 
Combining the data from these two samples (n = 50) reduces the probability that a 
fraction ≥ 0.1 is missed to 5 % (Fig. 4.13c). Samples ST09-01 and MB11-61 share a similar 
mineralogy and detrital age distribution suggesting these samples are from the same unit. If so, 
this unit constitutes a continuous, > 200 meter thick quartzite along the eastern boundary of the 
complex near Marshall Lake and the eastern approach to Thompson Peak (Fig. 4.1). Combining 
the data from these two samples (n = 50) of qtz1 reduces the probability that a fraction ≥ 0.1 is 
missed to 5% (Fig. 4.13c). ST09-01 lacks the Archean component represented in MB11-61. 
However, the youngest detrital components of the two samples overlap in age at ~1070 Ma. The  
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Figure 4.13: Detrital age distribution probability density plot and histogram of U/Pb ages from 
quartzite sample ST09-01 (A) and sample MB11-61 (B) of qtz1. Both samples share similar 
peaks in age occurence from 1050 – 1150 Ma, 1350 – 1450 Ma, and 1700 – 1800 Ma. All 
concordant analyses (n = 50) are shown on plot C. 
Qtz1	Combined	Detrital	Age	Distribution	
and	Probability	Density	Function	
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 Figure 4.14: Scatter plot of 206Pb/204Pb for all concordant detrital grains from SMC quartzites. 
ST11-02 and ST11-08 have larger ranges than other samples. ST09-01 and MB11-61 have ratios 
below 900. ST11-40 has significantly lower ratios than ST11-02 within every Proterozoic age  
peak.   
 
 
Figure 4.15: Backscatter electron images of zircon grains with lowest ages within the youngest 
cluster of detrital ages for each quartzite unit. The corresponding CL image is below with U-Pb 
analysis location (red circle) and age. 
 
A	 B	 C	
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low 206Pb/204Pb ratios of these samples suggest error associated with 207Pb/206Pb ages of qtz1 (Fig. 
4.14; Smith and Gehrels, 1991). The youngest detrital component of qtz1 is thus ~1070 Ma.  
4.2.1.2 Qtz3  
ST11-08 is the only sample analyzed from qtz3. Fifty-nine concordant ages range from 1700 Ma 
to 2920 Ma (Fig. 4.11, 4.16). Ages are well represented from ~1700 – 2900 Ma with two peaks 
from 1700 – 1900 Ma and from 2600 – 2750 Ma (Figure 4.16). Archean cores were found in 
each quartzite unit of the SMC, but Archean detrital ages in qtz3 are significantly more 
numerous. The youngest detrital core had a 207Pb/206Pb age of 1704 ± 108 Ma. At 95 % 
confidence, at least one fraction ≥ 0.09 was not represented, and the probability of missing a 
fraction ≥ 0.1 is 2 % (Vermeesch, 2004).  
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Figure 4.16: Detrital age distribution probability density plot and histogram of 206Pb/207Pb ages 
from qtz3 showing major peaks at 1700 – 1900 Ma and 2600 – 2750 Ma. The youngest detrital 
component yielded an age of 1704 ± 108 Ma.  
 54
 
4.2.1.3 Qtz4  
Sample ST11-02 of qtz4 yielded 63 concordant ages ranging from 526 Ma to 2710 Ma 
with major peaks from 1050 – 1150, 1400 – 1500, and 1750 – 1850 Ma (Table 4.3; Figure 4.17, 
4.18a). The youngest 206Pb/238U age is 525 ± 20 Ma (Fig. 4.17). At 95 % confidence, at least one 
fraction ≥ 0.09 of the total distribution was missed, and there is a 2 % probability that at least one 
fraction ≥ 0.1 was not represented (Vermeesch, 2004). Only two grains (Fig. 4.17 b, c) analyzed 
have ages less than 1000 Ma (525 ± 20 and 727 ± 24 Ma). The youngest cluster of ages is 1059 ± 
24 Ma (Fig. 4.15) 
 
 
 Figure 4.17: Cathodoluminescent images of three detrital zircon grains (<1000 Ma) from qtz4. 
These grains are ordered from youngest to oldest.  
 
 Sample MB11-40 of qtz4 yielded 19 concordant ages ranging from 493 Ma to 1760 Ma 
with major peaks at 1050 – 1100 Ma and 1400 – 1450 (Table 4.3; Figure 4.18b). A single 
206Pb/238U age is less than 1000 Ma; 493 ± 13 Ma (Fig. 4.17a). At 95 % confidence, at least one 
fraction ≥ 0.21 was missed. There is also a 79 % chance that a fraction exceeding 0.1 was 
525 ± 20 Ma 727 ± 24 Ma 493 ± 13 Ma 
A B C 
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excluded (Vermeesch, 2004). Although a single age of 493 ± 13 Ma was calculated for this 
sample, the youngest cluster of ages is 1067 ± 9 Ma.  
Samples ST11-02 and MB11-40 share a similar mineralogy and were collected along 
strike within an apparently continuous quartzite unit. This suggests that a thick (> 200 meter), 
continuous quartzite unit extends from the headwall beneath Thompson Peak to the headwall at 
the western extent of the upper Marshall Bowl. Combining both samples to represent a single 
unit increases confidence (n = 82) that all major age populations are represented (Fig. 4.18c). It 
is improbable that a fraction ≥ 0.1 was missed (Vermeesch, 2004). However, there is a 29 % 
probability that a fraction ≥ 0.05 was excluded. The youngest detrital age from this unit is 493 ± 
13 Ma, but the youngest significant cluster of ages is 1059 ± 24 Ma.  
No concordant analyses from any quartzite unit yielded ages from within the North 
American Magmatic Gap from 1610 – 1490 Ma (e.g. Ross, 1991). All three quartzite units 
analyzed share age peaks at 1750 – 1800 Ma and have Archean zircons (Table 4.3). Excluding 
ST11-08, samples shared age peaks at 1050 – 1100 Ma and 1400 – 1450 Ma. The youngest 
detrital age from the complex is 493 ± 13 Ma from qtz4, and the oldest grain is 2977 ± 4 Ma from 
qtz3.  
 Both concordant and discordant rim analyses of zircon from quartzites yielded 
predominately Mesozoic ages (90 – 240 Ma). One concordant analysis from qtz3 yielded an age 
of 143 ± 7 Ma. Discordant rim analyses from qtz4 yielded a range from 91 – 237 Ma. The least 
discordant 238U/206Pb ages were 91 ± 3 Ma and 133 ± 6 Ma. A concordant rim age of 1813 ± 12 
from qtz4 may represent Proterozoic metamorphism. 
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Figure 4.18: Detrital age distribution probability density plot and histogram of U/Pb ages from 
quartzite sample ST11-02 (A) and sample MB11-40 (B) of qtz4. Both samples share similar age 
distributions with peaks at 1050 – 1100 Ma, 1400 – 1450 Ma, and 1650 – 1800 Ma. All 
concordant analyses (n = 80) are shown on plot C.  
Qtz1	Combined	Detrital	Age	Distribution	
and	Probability	Density	Function	
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 4.2.2 U-Pb Isotopes of Zircon from Quartzofeldspathic Gneiss  
 Zircon rims and cores from four quartzofeldspathic gneiss samples near Thompson Peak- 
Marshall Bowl were also analyzed. These are MB11-18 from csg-qfg, MB11-65 and MB11-27 
from qfg, and ST11-17BD from a proposed orthogneiss immediately south of the map area (Fig. 
4.1). Compared to zircon populations from quartzite units, zircon grains from gneisses are more 
elongate (Table 4.2). Innermost regions of these zircons varied in CL intensity. Concordant ages 
from all samples range from 85 Ma to 175 Ma (Fig. 4.19). Of 130 analyses from all samples, 113 
have a 2σ absolute age error spanning less than 20 Ma, and 108 were within 10 Ma.  
 Figure 4.19: Wetherill Concordia plot of all U/Pb ages of zircon from quartzofeldspathic 
gneiss samples. The inset plot is a magnified portion of the Concordia plot showing the majority 
of analyses from ~ 80 – 220 Ma.  
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Ages for qfg zircons cores and rims range from 100 Ma to 175 Ma (n = 54); 46 % of 
analyses are between 140 Ma and 150 Ma (Table 4.4; Fig. 4.20; 4.21). Rims and cores produced 
similar ages. The ages from MB11-27 range from 100 – 163 Ma (n = 28; Fig. 4.21).  Ages from 
MB11-65 range from 131 – 175 Ma (n = 26; Fig. 4.120a). The range of ages is confined in 
MB11-65 to 58% falling between 140 – 150 Ma. 
 
 
 
 
Table 4.4: Summary of 206Pb-238U ages for zircon of quartzofeldspathic gneiss samples of the 
SMC 
Sample Unit Lower intercept
low high T-W (Ma)
MB11-27 100 156
MB11-65 133 175
MB11-18 csg-qfg 85 163 134 ± 14
ST11-17BD 83 125 95 ±  4
qfg
Age range (Ma)
139 ± 6
 
Rim and core ages for csg-qfg zircons range predominately from 85 Ma to 163 Ma (n = 
28; Table 4.4; Fig. 4.22a,b). A third of those ages occur from 140 Ma to 150 Ma. Innermost 
zones and cores of three zircon from csg-qfg have discordant ages of 1636 ± 56 Ma, 1653 ± 25 
Ma and 1669 ± 16 Ma. The innermost zone of one zircon grain yielded a concordant 207Pb/206Pb 
age of 1942 ± 12. 
Ages from the Fishhook orthogneiss rims range from 83 to 125 Ma (n = 27; Table 4.4; 
Fig. 4.22c, d). Cores yield discordant 207Pb/206Pb ages of 1448 ± 9, 1623 ± 56, and 2982 ± 16 
Ma. One core yielded an age of 1620 Ma, but was over 90% discordant. 
 59
 
Figure 4.20: U/Pb Wetherill and Tera – Wasserburg Concordia plots for unit qfg with 2  error 
ellipses.  
A. Wetherill Concordia plot of zircon ages from MB11-65 (131 – 175 Ma; n = 26) 
B. Tera-Wasserburg plot of zircon ages from MB11-65 with a lower intercept of 148 ± 7.  
C. Wetherill Concordia plot of zircon ages from MB11-27 (100 – 163 Ma; n = 28) 
D. Tera-Wasserburg plot of zircon ages from MB11-27 with a lower intercept of 134 ± 10 Ma.  
E. Wetherill Concordia plot of compiled zircon ages for unit qfg (n = 54).  
F. Tera – Wasserburg plot of compiled zircon ages for unit qfg has a lower intercept of 139 ± 6 
Ma. 
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Figure 4.21: Cathodoluminescent images of representative zircons from qfg showing laser pits 
and U/Pb ages (Ma). Red circle is location of U-Pb analyses (small) and Hf analysis (one larger 
circles). 
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Figure 4.22: U/Pb concordia plots for csg – qfg (A, B) and a Fishhook orthogneiss (ST11-17; C, 
D).  
A. Wetherill concordia plot for csg – qfg yields an upper intercept of 225 Ma.  
B. Tera – Wasserburg plot yields a lower intercept of 134 ± 14 Ma.  
C. Wetherill concordia for Fishhook orthogneiss.  
D. Tera – Wasserburg concordia plot of Fishhook orthogneiss yields a lower intercept of 76 ± 38 
Ma. 
 
4. 3 Hafnium Isotopes  
 Select zircons of qtz3, qtz4, qfg, and csg & qfg with less than 10% discordance were 
analyzed for hafnium isotopic composition. Compilation of all spot analyses yielded a range of 
εHf from +8 to – 19.6 (Fig. 4.23).  Zircon rim analyses yield strictly negative εHf values from -
3.8 to -19.8 (Fig. 4.22; Appendix G).  Detrital cores yielded positive and negative εHf values   (-
13 – 8) that plot below the depleted mantle curve (Appendix G.).
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Figure 4.23: Plot of εHf against U-Pb age for all SMC zircon analyses. εHf of detrital zircon range from +8 to -13 (red and blue 
dashed lines). Zircon from quartzofeldspathic gneiss range from -4 to -19.5 (purple and green dashed lines). All εHf values plot below 
the depleted mantle. 
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CHAPTER V. DISCUSSION 
5.1 Detrital Ages of Quartzite Units 
 5.1.1 Qtz1 
Qtz1 has the lowest number of concordant analyses (n = 52). Consequently, it is the 
statistically weakest test of detrital provenance. However, statistical tests for the two samples of 
qtz1 suggest a similar source. Low 206Pb/204Pb (< 850) ratios in both samples suggest increased 
error in age assignment due to low amounts of radiogenic lead (Fig. 4.14) These data may have a 
significant effect on provenance determination for qtz1 (e.g. Smith and Gehrels, 1991).  
The youngest detrital age of qtz1, 1068 ± 6 Ma, and peak in ages (1068 – 1152 Ma) 
suggests a maximum depositional age in the latest Mesoproterozoic. This age does not correlate 
directly with the timing of any known tectonic event, but it is consistent with the Grenville-aged 
zircons dominating the provinces of the southwestern United States (Fig. 5.1; e.g. Whitmeyer 
and Karlstrom, 2007) and the Mackenzie orogenic zircons from the northern Yukon (e.g. Smith 
and Gehrels, 1991). The maximum depositional age of qtz1 is more recent than the youngest ages 
of the Selway (1600 Ma) and Belt – Purcell Supergroup (1400 Ma; Fig. 5.1). However, the 
inferred maximum depositional age for qtz1 (1068 ± 6 Ma) is consistent with depositional ages of 
the Neoproterozoic Windermere – Syringa Supergroup (610 – 570 Ma) and the passive margin 
Paleozoic sediments (Fig. 5.1).  
5.1.1.1 Provenance for Qtz1 
The probability density function (PDF) of qtz1 shares several peak occurrences in the 
Archean (>3000 Ma), the Paleoproterozoic (1750 – 1850 Ma), and Mesoproterozoic (1400 – 
1450 Ma) with the PDF of units of the Belt – Purcell and Windermere – Syringa Supergroups  
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Figure 5.1: Probability density plots for detrital zircon ages of the SMC quartzites and compiled 
zircon ages from the Paleozoic passive margin, Windermere – Syringa Supergroup, Belt – 
Purcell Supergroup, Farmington Canyon, and Selway basement. The inferred maximum 
depositional ages for qtz1 (1068 ± 6 Ma) and qtz4 (1059 ± 24 Ma; red dashed line) pre-exist 
Windermere – Syringa and Paleozoic deposition. The inferred maximum depositional age of qtz3 
(1704 ± 108 Ma; blue dashed line) pre-exist latest deposition of the Belt – Purcell, Farmington, 
and proposed Selway Terrane. Data taken from Ross and Bowring (1990), Ross and Parrish 
(1991), Smith and Gehrels (1991, 1994), Ross (1991), Gehrels and Ross (1998), Ross and 
Villeneuve (2003), Link et al. (2007), Stewart et al. (2010), Mueller et al. (2005), and Mueller et 
al. (2010).  
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(Fig. 5.1). Thus, zircon populations of qtz1 likely share provenance with similar-aged zircon from 
these two basement terranes. 
The probability density function of qtz1 is visually similar to the PDF of Belt – Purcell 
formations that crop out along the eastern edge of the Belt – Purcell basin (Fig. 5.2). These Belt 
– Purcell formations contain ages consistent with Laurentian material. Archean ages shared by 
qtz1 and the eastern Belt – Purcell Supergroup formations (Fig. 5.2) are consistent with ages of 
the Wyoming Province, Grouse Creek, and Medicine Bow block (e.g. Ross and Bowring, 1990; 
Whitmeyer and Karlstrom, 2007). Paleoproterozoic ages in the eastern Belt – Purcell Supergroup 
formations are consistent with ages of the Farmington Zone, Great Falls Tectonic Zone, and 
Mojave/Yavapai terranes. Western, non – Laurentian blocks may have contributed Archean – 
Paleoproterozoic ages (e.g. Ross et al., 2001), but the lack of ages in qtz1 from the NAMG 
supports a predominately Laurentian provenance and excludes sourcing from the Belt – Purcell 
Supergroup formations that crop out along the western edge of the Belt – Purcell basin (Fig. 5.2).  
Late Mesoproterozoic distributions (1200 – 1000 Ma) in qtz1 span ~100 Ma with few ages less 
than 1050 Ma. This range of ages is consistent with Grenville-aged granitoid production 
throughout the southeastern United States (Fig. 5.3; e.g. Goodge et al., 2004; Tollo et al., 2004; 
Condie et al., 2011;Thomas, 2011). Patchett et al. (1999) suggests that Grenville grains would 
not have populated western sands of the United States until the Ordovician, but multiple studies 
(e.g. Seeland, 1968; Rainbird et al., 1992; Stewart et al., 2001; Dickinson, 2009) have suggested 
far-reaching river systems that would greatly reduce the time needed for transport and 
accumulation. This would allow for incorporation of these grains along the Proterozoic margin 
(Fig. 5.4; e.g. Jordan et al., 1980; Johansen et al., 1988; Dickinson, 1988; Rainbird et al., 1992; 
Blakey, 1996; Stewart et al., 2010; Leier and Gehrels, 2011; Thomas, 2011).  
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The marked abundance of zircon from Grenville granitoids (Moecher and Samson, 2006) 
may be masking more proximal (1200 – 1000 Ma) sources of zircon. Alternative sources for the 
late Mesoproterozoic ages noted in qtz1 have been proposed as the Franklin Mountains, Texas, 
and Pike’s Peak granite. However, these outcrops have yet to gain credibility as a Grenville age 
source within the southwestern margin of Laurentia due to the lack of substantial Neoproterozoic 
exposure (Stewart, 2001; Thomas, 2011; Stewart, 2010 and improbable transportation distance. 
Older ages (~1480 Ma) from anorogenic granitoids of the mid-continent predate peak ages for 
qtz1 (Fig. 4.5; Dickinson and Gehrels, 2003). This suggests that grain contribution from the mid 
– continent was minimal for qtz1. 
K-S tests for qtz1 yielded a poor fit with compiled Windermere populations and the 
Bonner formation of the Belt Supergroup. These tests did suggest similar sources for the 
distribution of Spray Lake populations of the Paleozoic Canadian Cordillera. F-tests yield equal 
variances for all three comparisons, however, Spray Lake variance was only equal to qtz1 at a 
critical value α = 0.01 suggesting that this comparison is not ideal for provenance.  
 5.1.2 Qtz3 
 The youngest detrital zircon grain from qtz3 at 1704 ± 108 Ma predates the youngest ages 
of other SMC units by more than 500 Ma and suggests a maximum depositional age within the 
latest Paleoproterozoic (Fig. 5.1). This inferred maximum depositional age for qtz3 (1704 Ma) is 
consistent with the depositional ages of the Belt – Purcell Supergroup (1400-1470 Ma) and 
Farmington Canyon (1800-2440 Ma) and is also consistent with ages that were used to propose 
the Selway Terrane (1600-2400 Ma). The youngest maximum depositional age of qtz3 cannot 
exclude this quartzite as an outcrop of Windermere – Syringa or Paleozoic. However, the lack of 
ages in the Mesoproterozoic – Paleozoic suggests this is an unlikely relation.  
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5.1.2.1 Provenance of Qtz3 
The detrital age distribution of qtz3 is visually similar to the age distributions of the Belt – 
Purcell Supergroup, the Selway and the Farmington Canyon Terrane (Fig. 5.1). Qtz3 also shares 
Paleoproterozoic and Archean age frequency peaks with the Windermere – Syringa Supergroup 
(Fig. 5.1). Probability density functions for the Farmington Canyon outcrops have a higher 
number of ages from 2500 – 3000 Ma than the SMC quartzite units. These data suggest that the 
Farmington Canyon complex contains similar detrital ages but does not likely share provenance.  
The distribution of detrital ages of qtz3 is visually most similar to the distribution of 
detrital ages of the Belt-Purcell Supergroup and proposed Selway Terrane outcrops (Fig. 5.1; 
5.2).  However, the total distribution of detrital ages from the Belt – Purcell Supergroup is 
statistically dissimilar to the distribution of ages from qtz3 suggesting a significantly different 
provenance. Qtz3 does contain several visually similar Paleoproterozoic – Archean age frequency 
peaks with the units of the Belt – Purcell basin and Windermere – Syringa Supergroup. These 
ages are consistent with the Wyoming Province and surrounding Paleoproterozoic terranes 
previously described for qtz1. Grains predating 1960 Ma are likely derived from the southern 
portions of the Wyoming Province due to increased tectonic and igneous activity suturing this 
block in the Paleoproterozoic and Archean (Mueller et al., 1995; D. Henry, personal 
communication).  
K-S tests for qtz3 resulted in a poor fit with the total compilation of Belt populations and 
the Bonner formation of the Belt. However, age distributions from the Hamill group of the 
Canadian Paleozoic Cordillera and eastern Belt units had statistically similar distributions to qtz3. 
This suggests that provenance of qtz3 is most similar to the eastern outcrops of the Belt – Purcell 
basin and passive sediments of the south Canadian Cordillera.  
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5.1.2.2 εHf of qtz3  
The range of εHf for zircon grains for qtz3 (n = 15) is similar to the range εHf from 
zircons of the Belt – Purcell Supergroup (Fig. 5.4; Stewart et al., 2010). The εHf values of two 
zircon grains (-6.5 – 0.6) for ages of 1675 – 1785 Ma in qtz3 are within the range of similar aged 
analyses from the Bonner formation (-12 – 9) and Lemhi group (-7 – 8) of the Belt – Purcell 
Supergroup (Fig. 5.4). εHf values of zircon from qtz3 are in excess of εHf ranges of zircon from 
the Mojave and Yavapai terranes (0 – 5). These data are used to suggest that zircon grains from 
qtz3 are not likely sourced solely from the southwestern United States (i.e. Yavapai and Mojave). 
Rather, similar εHf for Paleoproterozoic ages in qtz3 and The Lemhi group and Bonner formation 
of the Belt – Purcell supergroup suggest similar provenance. Thus, εHf data supports a 
provenance for Paleoproterozoic – Archean ages for qtz3 from the Wyoming Province.  
 5.1.3 Qtz4 
Differences in the range of detrital ages of the two samples of qtz4, primarily the absence of a 
~700 Ma and 2400-2600 Ma component in MB11-40 can be explained by (1) the low number of 
concordant grains analyzed, (2) contamination in processing of sample ST11-02, or (3) actual 
differences in age populations and detrital sources. Thirty-five additional concordant ages from 
qtz4 are needed to ensure all significant age populations are represented at 95% confidence 
(Vermeesch, 2004). Processing of these two samples was separated by several months and 
several intermediate samples that should eliminate cross contamination. However, it may be that 
these two samples contain significantly different age populations. K-S test and F-test statistics 
suggest samples across the unit could source the same material, but variance is statistically 
significant. These statistical differences suggest that qtz4 may have a multiple sources and/or may 
have an insignificant number of analyses for provenance. 
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Figure 5.4: εHf and U-Pb ages of zircons for all SMC quartzites. Detrital zircons range from +8 
to -13. Rectangles indicate εHf data from previous provenance studies labeled. The gray shaded 
rectangle represents the εHf range for southwest Laurentian A-type granitoids from the Yavapai-
Mojave provinces. The purple rectangle represents the total εHf range of Lower Belt grains. The 
inner and outer blue rectangles represent the Lemhi and Missoula ranges from outcrops located 
in east-central Idaho 
 
The youngest detrital constituent in qtz4 suggests a maximum depositional age of 493 ± 
13 Ma, i.e. latest Cambrian (Fig. 5.1). This age is time correlative with passive margin sediments 
following the split of the Rodinian supercontinent beginning ~ 650 Ma (Fig. 5.3; Lund et al., 
2003, 2008; Smith and Gehrels, 1991; Ernst, 1992; Burchfiel et al., 1992). However, the low 
number of ages (n = 3) less than 1000 Ma is not statistically trustworthy. The youngest age 
cluster is a more confident maximum depositional age (1059 ± 24 Ma) and is similar to the 
maximum depositional age of qtz1 (1068 ± 6 Ma). Thus, the maximum depositional age for qtz4 
is consistent with deposition of the Windermere – Syringa Supergroup, but is inconsistent with 
the Selway or Belt – Purcell.  
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   5.1.3.1 Provenance of Qtz4 
 The provenance for most ages of qtz4 is likely equivalent to the provenance discussed for 
similar ages from qtz1. Statistical tests support that these two units may have equivalent sources. 
These units share overlapping youngest age clusters ~1060 and have a similar age distribution. 
Thus, Archean and Paleoproterozoic ages of qtz4 are consistent with Belt – Purcell and 
Windermere – Syringa zircon grains derived predominately from Laurentian terranes. F-tests 
also suggest that qtz4 and Windermere - Syringa age distributions share similar sources. 
Mesoproterozoic ages may indicate sourcing of Belt – Purcell Supergroup outcrops.  
 Paleoproterozoic – Neoproterozoic ages of qtz4 are also consistent with ages of Cambrian 
– Devonian sandstones and quartzites throughout western North America (e.g. Thomas, 2011; 
LaMaskin et al., 2012; Smith and Gehrels, 1991; 1994). Stewart et al. (2001) note three main age 
groups of 1900 – 1620 Ma, 1450 – 1400, and 1200 – 1000 Ma in Neoproterozoic to Cambrian 
arenites from the western United States (Fig. 5.3). LaMaskin (2012) mapped similar age trends 
throughout the Mesozoic to Paleozoic basins along the North American Cordilleran Terranes. 
Paleoproterozoic to Mesoproterozoic ages dominating these distributions are derived from the 
basement rocks of the Mojave and Yavapai Provinces (1900 – 1600 Ma) and the anorogenic 
granitoids (1400 – 1480 Ma) exposed in the southwestern United States (Barth et al., 2000; 
Thomas, 2010; LaMaskin et al., 2012). Thus, it may be that qtz4 also sources zircon grains from 
the southwestern United States. 
The detrital age distribution of Cambrian quartz-rich rocks of the Robert Mountains, 
north-central Nevada share most age peaks with qtz4. Statistical tests that compare the age 
distributions of qtz4 and Robert Mountain outcrops in northern Nevada support similar age 
consistency. Therefore, qtz4 may derive similar zircon from the southwestern United States as the 
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Roberts Mountains. Smith and Gehrels (1991; 1994) also suggest a possible northern provenance 
for 1900 – 1000 Ma ages that would require transportation of grains from the Northern Yukon 
and Mackenzie Mountains (Fig. 5.5). Zircon grains from the upper Yukon would have to pass 
several Proterozoic structures; especially the Transcontinental arches in north-central Idaho and 
southern British Colombia (Fig. 5.5) to be deposited in the SMC. This provenance is not 
probable. 
Archean detrital zircon ages from quartzites in the Roberts Mountains have an inferred 
provenance from the Wyoming block and erosion of Trans Hudson uplifted rock (Smith and 
Gehrels, 1991). Archean grains in the Spray Lake sample are proposed to be representative of the 
Wyoming Province, Medicine Hat block, and Archean blocks in the northern Yukon (Gehrels 
and Ross, 1998). Younger ages in both distributions are inferred to represent at least partial 
influence from the southwest U.S., but Smith and Gehrels (1998) suggest that the Mackenzie 
Mountains in the northern Yukon may provide a source terrane for younger Grenville aged 
grains.  
Other Paleozoic sediments (Cambrian – Devonian) along Canadian Cordillera contain 
similar age peaks with qtz4 at 1050, 1400, and 1700-1800 Ma (Fig. 5.1, 5.3; e.g. Smith and 
Gehrels, 1991; Gehrels, 2000; Goodge et al., 2004; Thomas, 2011). The distribution of ages 
within the Paleozoic, Spray Lake outcrops in Southern British Columbia visually share the most 
age frequency peaks with qtz4 (Fig. 5.3). Similarly, K – S tests suggest a similar distribution of 
ages in qtz4 and Spray Lake outcrops of the Canadian Cordillera. However, these outcrops have 
ages within the NAMG and are thus not an ideal analogue for provenance of qtz4. 
One concordant age from the Neoproterozoic (727 ± 24 Ma) is reported for qtz4 and may 
be interpreted to be consistent with waning igneous activity along the southwestern margin of 
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Laurentia (Fig. 5.1). Based on U/Pb analysis of rhyodacite flows in Windermere age-correlative 
glaciogenic diamictites in central Idaho, Lund et al. (2003) suggests early stages of rifting at 685 
± 7 Ma. Fanning and Link (2004) constrained glaciogenic sedimentation near Pocatello, Idaho to 
be between 720 Ma and 667 Ma based on the age of igneous intrusions.  An age of 727 ± 24 Ma 
from qtz4 overlaps this range and may be sourced from early-rifted material or recycled Sturtian 
– Cryogenian glaciogenic sediments. Younger detrital zircon ages reported for Windermere 
sediments range from 590 – 675 Ma (Ross and Parrish, 1991), however, 80% of these grains are 
over 10% discordant and would not be used in this study.  
Anorogenic magmas (700-450 Ma) exposed within the Lemhi – Salmon Archs and near 
Challis, Idaho may be the source of the young ages (493 ± 12 – 727 ± 24 Ma) of qtz4 (Fig. 2.6; 
Lund et al., 2003). Alkalic plutons within Neoproterzoic – Ordovician metasediments of 
Daugherty Gulch exposed between the Clearwater and Bear Creek Shear zones have been dated 
at 490 Ma and 650Ma (Fig. 2.6; Lund et al., 2003; Sims et al., 2005; Lund et al., 2008; Lund et 
al., 2010) and could be sources for the youngest populations (490 and 527 Ma) seen in qtz4 (Fig. 
5.1; 5.3; e.g. Lund et al., 2003). 
Because the zircon ages (<1000 Ma) are sparse (n = 3) and may be unreliable, a more 
trustworthy maximum depostional age for qtz4 is 1059 ± 24 Ma. This age would suggest a 
provenance most similar to qtz1 likely from Laurentian sources.  
5.1.3.2 εHf of qtz4 
The range of εHf for zircon grains of qtz4 is also similar to ranges of εHf from similar 
aged zircon from the Belt – Purcell Supergroup (Stewart et al., 2010). The range of εHf values of 
qtz4 (-13 – 8) from 1675 – 1785 Ma exceeds the range of similar aged Mojave and Yavapai 
grains (0 – 5). Three εHf values are in the range of similar aged zircon from the Lemhi group and 
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Bonner formation. A fourth value (-13 ± 3) is within error of the range of εHf for the Bonner 
formation. This data is used to suggest that the Paleoproterozoic zircon grains are sourced from 
the Wyoming province. This is also consistent with the Paleoproterozoic zircon grains of qtz3.  
Mesoproterozoic zircon ~1400 Ma are common in qtz4, and may be derived in part from 
anorogenic (A-type) granites throughout western North America (Fig. 5.5; Anderson and Bender, 
1989; Anderson and Morrison, 1992; Stewart et al., 2001; Stewart et al., 2010). A-type granite 
exposures in southern Colorado, Nevada, and California and northern New Mexico and Arizona 
dated by U-Pb zircon geochronology from 1400 – 1470 Ma yield εHf values from +7 – 0  
(Goodge and Vervoort, 2006). Three εHf values from qtz4 are within this range with a single 
outlier at -2 ± 1.8. This outlier is nearly within error of the range of εHf from the A-type 
granitoids. Comparable igneous ages are recorded in the Purcell basalt and several mafic sills 
within the Belt – Purcell basin (Anderson and Davis, 1995; Sears et al., 1998; Evans et al., 2000; 
Ross and Villeneuve, 2003; Fig. 2.4) but sourcing of this material would require paleoflow 
directions from the northwest, not yet recorded in this area (Reynolds et al., 1984; Anderson and 
Davis, 1995; Sears et al., 1998; Evans et al., 2000). 
From these data, provenance of ages for qtz4 is similar to the Belt – Purcell Supergroup. 
Paleoproterozoic ages are likely sourced from the Wyoming Province, but some ages may also 
be sourced from the southwestern United States. Mesoproterozoic ages (1400 – 1470 Ma) can be 
accounted for by a southwestern United States provenance. However, grains with 
Mesoproterozoic ages may have been recycled from the Belt – Purcell Supergroup or 
Windermere – Syringa units before final residence within qtz4.  
εHf values from both qtz4 detrital zircon cores (1675 – 1780 Ma) are consistent with 
values from zircon grains of the Missoula (5 to -9) and Lemhi (8 to -12) formations of the Belt  
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Supergroup (Stewart et al., 2010). These grains are inferred to represent an isotopically 
heterogeneous source consisting of Paleoproterozoic and recycled Archean components (Stewart 
et al., 2010). 
5.2 Provenance Summary 
 
Age distributions within SMC quartzites are not unique and have been shown to occur 
regionally throughout Laurentian sediments (Fig. 1.3, 1.4; e.g. Condie et al., 2011; Leier and 
Gehrels, 2011; Voice et al., 2011). The abundance of ages 1750 – 1800, 1400 – 1450, and 1050 – 
1150 Ma of the SMC quartzites are consistent with North American zircon age compilations 
(Voice et al., 2011). Paleocurrent indicators within outcrops of multiple terranes along the 
southwestern margin of Laurentia indicate predominately southeast to northwest flow (e.g. 
Reynolds et al., 1984; Anderson and Davis, 1995; Sears et al., 1998; Evans et al., 2000). Thus, 
detrital zircon from the SMC quartzites may be sourced from Laurentia. Furthermore, the lack of 
SMC quartzite ages within the North American Magmatic Gap is consistent with a Laurentian 
provenance. However, from the detrital ages found within the SMC quartzites, detrital input from 
a western continental block cannot be excluded.  
  Ranges of εHf from qtz3 and qtz4 support age data for provenance. This data suggests 
inheritance of grains from the Wyoming Province and possibly from the southwestern United 
States. Ages within qtz3 are likely sourced from the Wyoming Province and the Belt – Purcell 
sediments (i.e. Lemhi/Bonner). However, erosion of the western Belt – Purcell Supergroup 
islikely not a significant detrital source because of the lack of NAMG ages in all SMC samples. 
Ages within qtz1 and qtz4 may have a bimodal provenance. Paleoproterozoic and Archean ages 
are consisted with the Wyoming Province, but Mesoproterozoic grains are consistent with 
detrital grains of quartz-rich rock of the southwestern United States.  
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Figure 5.5: Schematic paleogeography diagram illustrating major Precambrian – Devonian 
paleotopographic structures (Poole et al., 1992), Permian-Mesozoic fluvial systems (Dickinson 
and Gehrels, 2003) and placement of Mesoproterozoic anorogenic granite exposures (Dickinson 
and Gehrels, 2003; Goodge and Vervoort, 2006; Dickinson, 2008). Abundant incorporation of 
Early Mesoproterozoic and Grenvillian age detritus along the U.S. Cordillera belt suggests a far-
reaching fluvial system originating proximal to the Eastern Laurentian Margin. Detrital ages and 
Hf isotopes suggest that Mesoproterozoic ages may be originally derived from these anorogenic 
granites, and they would likely have been deposited by a similar fluvial system. Uplifted 
structures (red) were rising by the time of qtz1 deposition and explain the peaks in Mojave – 
Yavapai aged peaks in the detrital distribution. 
 78
 5.2.1 Paleogeography 
 
Deposition of the SMC quartzites has been interpreted as a shallow marine, low-energy 
environment suggesting a fluvial delivery of sediments (Metz, 2010). Paleocurrents for 
Mesoproterozoic to Cambrian arenites are predominately east to west and southeast to northwest 
flow direction (Fig. 5.4; Seeland, 1968; Stewart et al., 2001;). Similar interpretations of 
paleoflow have been made for influx of material into the eastern Belt basin (e.g. Cressman, 1989; 
Stewart et al., 2010; Ross and Villeneuve, 2003), Windermere-age basins (e.g. Burwash et al., 
1988; Goodge et al., 2010) and Western North American Cordillera (e.g. Leier and Gehrels, 
2011). Consistency in general paleoflow from the Late Paleoproterozoic to Paleozoic would 
suggest grain provenance from the east – southeast.  
Precambrian – Paleozoic topography would influence paleoflow and zircon delivery to 
SMC units. Dickinson and Gehrels (2003) interpreted multiple far-reaching fluvial systems 
established by the Permian and Triassic that may have brought zircon along the southwestern 
margin of Laurentia (Fig. 5.5). Uplifts within the Paleozoic were concentrated along the western 
margin of Laurentia due to westward convergence and along the southeastern margin as relic 
Grenvillian structures (Burchfiel et al., 1992).  
Archs and antiformal structures (Fig. 5.5) likely shifted fluvial catchment and increased 
detrital components from overlying sediments. Due to its proximity, the Lemhi and Salmon 
River arches likely played a dominant role in sediment transport. The Lemhi arch (Sloss, 1954; 
Scholten, 1957; Ruppel, 1975) and Big Creek-Beaverhead Belt are rift-related blocks that act as 
northwest trending, continental drainage divides (Lund et al., 2003). Uplifts within the 
Southwestern United States likely continued sediment transport from the southeast (e.g. Seeland, 
1968; Rainbird et al., 1992;Stewart et al., 2001).  
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 Sediments from the Wyoming Province and associated Archean blocks were likely 
distributed into a fluvial system shed from the Wyoming Province. Detritus from northern 
components may have been delivered through the St. Mary-Moyie – Vulcan low to the northeast 
(Stewart & Suczek, 1977; Ross et al., 2001; Lund et al., 2008).  
5.3 Metamorphism 
5.3.1 Zircon Rim Ages of Qfg, Csg-qfg, and Fishhook Orthogneiss  
 The abundance of Mesozoic ages (n = 108) from zircon rim analyses for 
quartzofeldspathic gneiss samples suggest the most recent metamorphic overprint in the 
Mesozoic (70 – 175 Ma; Fig. 5.6). A rim with an age of 1813 ± 12 may suggest metamorphism 
in the Paleoproterzoic. Unit qfg and csg-qfg share relatively similar age spectra from the Mid-
Jurassic – Cretaceous. Lower intercepts from Tera –Wasserburg plots at ~135 - 140 Ma are 
interpreted as the age of Pb loss/disruption. Analyses for these two samples plotted on Wetherill 
diagrams cluster along the Concordia suggesting relatively low or asymmetric Pb loss/ U gain 
and suspicious discordia intercepts. Rather, the span of ages along the Concordia and Tera-
Wasserburg intercept is more useful for interpretations.  
 Concordant, (low discordant) rim ages from quartzites and quartzofeldspathic gneisses (n 
= 108) ranging from the Mid-Jurassic to Late Cretaceous are consistent with ages for the Sevier 
Orogeny (170 – 50 Ma; e.g. Armstrong, 1968; Ernst, 1992). However, it is unclear that zircon 
rim ages are related to metamorphic textures within SMC rocks. The Sevier, east-vergent 
foreland fold-and thrust belt was established by the Early Cretaceous. This compression 
displaced Paleozoic passive margin sediments and Precambrian basement up-section along a 
ramp-flat geometry (Armstrong and Oriel, 1965; Royse et al., 1975; Heller et al., 1986; Skipp,  
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Figure 5.6 Schematic diagram of information from Sawtooth Metamorphic Complex U-Pb 
detrital zircon analyses. Black bars represent the U-Pb zircon age ranges vertically. Depleted 
mantle model age ranges are similarly represented by blue lines. No U-Pb zircon ages are found 
within the NAMG (green bar) suggesting a dominantly Laurentian provenance.  
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1987). Miller and Gans (1989) infer that thrusting began 10-15 Ma before peak metamorphic 
conditions and ended ~70 Ma. Rim ages for SMC units are concurrent with these ranges of 
Sevier thrusting (Fig. 5.6), but Mid-Jurassic ages (160-175 Ma) from zircons of qfg and csg – qfg 
units may suggest that deformation in the complex commenced earlier.  
5.3.2 Quartz Recrystallization  
Quartz analyses (Stipp et al., 2002) noting chessboard subgrains and interlobate 
boundaries suggest high temperature grain boundary migration (GBM) recrystallization (500 – 
700˚C) of grain boundaries within qtz1 and qtz4 (Passchier and Trouw, 2005). Quartz grains from 
qtz3 exhibiting parallel deformation lamellae and fine grain neoblastic recrystallization along 
boundaries suggests higher strain rate and lower temperature deformation (300-400˚C) than qtz1 
and qtz4 (Passchier and Trouw, Stipp et al., 2002). These observations are relatively consistent 
with multiple metamorphic conditions established by previous studies for the SMC (Armstrong, 
1995; Dutrow, 1995; Metz, 2010).  
5.4 A Speculative Model for SMC Quartzite Age Distributions 
The detrital age distributions of qtz1 and qtz4 are different than those from qtz3 and may 
suggest a different provenance. The lack of ages within qtz3 younger than the Paleoproterozoic 
suggests nearly complete dominance of Wyoming Province detritus. Qtz1 and qtz4 share similar 
source ages consistent with terranes of the southwestern United States. 
Input into the SMC basin likely initiated from a river system transporting zircon grains from the 
central Laurentian continent (Fig. 5.7a). This fluvial system could have delivered grains from the 
zircon-rich Grenville age granitoids and A-type granitoids from the central-southwestern United 
States hinterland. Older detritus from the Wyoming Craton could have been introduced within 
the foreland, perhaps from a south-southwest running tributary before deposition.  
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After some time, an event may have caused a shift in deposition resulting in complete 
dominance of grains of Archean – Paleoproterozoic crystalline basement into the area (Fig. 
5.7b). Increased deglaciation may account for increased flow from one or more west-northwest 
source paths. Sturtian – Cryogenian glaciations that altered Windermere sedimentation (Lund et 
al., 2003) supports a flux of this style. Changes in sea level may have influenced the 
effectiveness of hydrologic fractionation of zircon grains (Lawrence et al., 2011) creating a bias 
for older grains prior to deposition.  
Reestablishing of the southeastern source dominance may have also delivered the < 1000 
Ma (727 ± 26, 526 ± 19, and 493 ± 12 Ma) grains of qtz4 (Fig. 5.7c; Lund et al., 2010). 
Paleoproterozoic and Archean detrital input may have waned, but had not ceased. The youngest 
cluster of ages suggests deposition in late Proterozoic. However, it is possible that deposition 
began within the Proterozoic and endured until sometime into the Paleozoic.  
Units of the SMC may have been metamorphosed in the Mesozoic due to Sevier 
compression, but the relationship of metamorphic textures to rim ages is not clear. Shortening 
may have been accommodated within this region by mylonitization and east-verging thrusts 
uplifting large portions of continental shelf westward toward the cratonic core (Burchfiel et al., 
1992). The SMC was then uplifted during the Laramide tectonic event from (~70 – 40 Ma). 
Erosion from the most recent Holocene glaciation cut and exposed the SMC within the Sawtooth 
Mountains (Fig. 5.7d, e).  
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Figure 5.7: Schematic cross-section sedimentary model for deposition of the generalized orientation of SMC outcrops based on 
geochronology from this study. Assuming that contacts are sedimentary and relatively vertical, current placement of observed detrital 
distributions can be explained by a change in source area. Initially, (A) sourcing from the south-southeast would deliver detrital ages 
consistent with the southwestern U.S. and Grenville Province. (B) Waning of southern detrital input and increased northern sourcing 
may be explained by a sudden pulse of glacial weathering. Rising sea level at this time may also have increased input from Grouse 
Creek. Following this event, (C) sedimentation returned to its normal state delivering quartz-rich southern sands. Mesozoic – 
Cenozoic faulting and recent glaciation account for the orientation and exposure of the SMC units
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CHAPTER VI. CONCLUSIONS 
The three quartzite units of the SMC have different maximum ages of deposition. Qtz1 
and qtz4 have similar maximum ages of deposition in the Late Mesoproterozoic of 1068 ± 6 Ma 
and 1059 ± 24 respectively. These ages are consistent with deposition of the Windermere – 
Syringa Supergroup, passive margin Paleozoic sediments (Fig. 5.6), or younger sediments. Three 
detrital zircon ages (727 ± 26, 525 ± 24, and 493 ± 12) in qtz4 may suggest a maximum 
depositional age in the Late Neoproterozoic – Early Paleozoic, but these ages are suspect 
because the grains appear to be metamict. The maximum depositional age of qtz3 (1704 ± 108) is 
in the Late Paleoproterozoic. This age is consistent with deposition of the Belt – Purcell 
Supergroup, Windermere – Syringa Supergroup, and passive margin Paleozoic sediments but is 
most similar to the maximum depositional ages of the Belt – Purcell Supergroup. This age is also 
consistent with the sparse ages used to propose the Selway Terrane.  
Detrital ages of the SMC units indicate multiple Laurentian sources for quartzite units.  
Most source ages are similar to those of surrounding Belt, Windermere, and Paleozoic terranes 
with a bimodal provenance from the proximal Archean blocks of the North American Craton (i.e. 
Wyoming Craton) and the Proterozoic terranes of the southwestern United States. Qtz1 contains 
Archean – Paleoproterozoic grains consistent with the Wyoming Province and surrounding 
tectonic zones. Mesoproterozoic grains are likely sourced from the Belt – Purcell Supergroup 
and the terranes of the southwestern United States. Zircon grains from qtz3 are consistent with 
the Wyoming Province and the Belt – Purcell Supergroup. Zircon grains from qtz4 have ages 
similar to qtz1 and are consistent with ages of the Wyoming Province and the southwestern 
United States.  
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Therefore, from detrital ages, quartzite units of the SMC are most closely correlated with 
the Neoproterozoic Windermere – Syringa Supergroup with one likely candidate representing the 
Paleoproterozoic Selway basement. Limited metamorphic ages from quartzofeldspathic gneiss 
and quartzite samples are confined to a rim age of 1813 ± 12 and the Mesozoic (~165 – 70 Ma). 
These ages suggest a metamorphic event in the Mesozoic and possible metamorphism in the 
Proterozoic.  
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APPENDIX	A:	SAMPLE	LOCATION,	PREPARATION,	AND	DESCRIPTION	
Sample # Elevation (ft)
USGS 
Quadrangle
General 
Location
Rock 
Sample
Thin 
section
Thin Section 
Scan Separated
LA-ICP-
MS Powdered 
Megascopic 
Description
ST09-01* 661019 4890547 8281 Stanley Williams Ridge x x x x Quartzite
ST09-02* 660851 4890852 8377 Stanley Williams Ridge x x x Qfg
ST09-03* 660851 4890852 8377 Stanley Williams Ridge x x x Quartzite
ST09-04* 660715 4890542 9022 Stanley Williams Ridge x x x Quartzite
ST09-05* 660584 4890060 8381 Stanley Williams Ridge x x x Qfg
ST01A 659028 4889966 9750 Stanley Lake T.Peak H.Wall x x x x Pelitic Schist
ST01A2 659028 4889966 9750 Stanley Lake T.Peak H.Wall x x x Pelitic Schist
ST11-01BD† 661218 4888762 7500 Stanley Fishhook x x x x Qfg
ST11-02 659016 4889959 9774 Stanley Lake T.Peak H.Wall x x x x x Quartzite
ST11-03 658978 4890010 9790 Stanley Lake T.Peak H.Wall x x x Quartzite
ST11-04 658889 4890009 9771 Stanley Lake Behind T.Peak x x x Granite-Qfg
ST11-05 659036 4889938 9729 Stanley Lake Behind T.Peak x x x x Granite-Qfg
ST11-06 659207 4889965 9560 Stanley Lake Thompson Peak x x x Quartzite
ST11-07 659421 4889927 9380 Stanley Lake Thompson Peak x Bt-Gneiss
ST11-08 659580 4890047 9363 Stanley Lake Thompson Peak x x x x x Quartzite
ST11-09 659829 4890125 9183 Stanley Lake Thompson Peak x x x Bt-Gneiss
ST11-10A 660888 4890768 8490 Stanley Lake Thompson Peak x x x Quartzite
ST11-10B 660888 4890770 8490 Stanley Lake Thompson Peak x Quartzite
ST11-11 660349 4890767 9421 Stanley Lake Thompson Peak x x x Qfg
ST11-12 660302 4890747 9405 Stanley Lake Thompson Peak x Igneus
ST11-13 660329 4890755 9416 Stanley Lake Thompson Peak x x x Qfg
ST11-14 660650 4890557 8845 Stanley Lake Thompson Peak x Bt-Gneiss
ST11-15 660914 4890563 8530 Stanley Lake Williams Ridge x x x Quartzite
ST11-16 659753 4890164 9198 Stanley Lake Alpine Lake x x x x Cr-Musc Qtz vein
ST11-17BD† 661207 4888769 7740 Stanley Fishhook x x x x x Bt-Cl-Qfg
MB11-14 659943 4891466 9161 Stanley Lake U. Marshall Bowl x Qfg
MB11-18 660534 4891882 8443 Stanley U. Marshall Bowl x x x x x x Qfg
MB11-27 660023 4891440 9006 Stanley U. Marshall Bowl x x x x x x Qfg
MB11-29 659843 4891401 9284 Stanley U. Marshall Bowl x Marble mylonite
MB11-29B 659849 4891409 9385 Stanley U. Marshall Bowl x Cs-Gneiss
MB11-30 659667 4891557 9689 Stanley U. Marshall Bowl x x x Bt-quartzite
MB11-33 659577 4891561 9706 Stanley U. Marshall Bowl x x x Bt-Gneiss/Csg
MB11-31 659737 4891627 9724 Stanley Lake U. Marshall Bowl x Cs-Gneiss
MB11-34 659536 4891550 9685 Stanley Lake U. Marshall Bowl x Cs-Gneiss
UTM (zone 11)
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APPENDIX	A:	Cont.	
Sample # Elevation (ft)
USGS 
Quadrangle
General 
Location
Rock 
Sample
Thin 
section
Thin Section 
Scan Separated
LA-ICP-
MS Powdered 
Megascopic 
Description
MB11-35 659512 4891537 9665 Stanley Lake M.bowl H.wall x MM w/qtz rich veins
MB11-40 659203 4891349 9699 Stanley Lake M.bowl H.wall x x x x x Quartzite
MB11-42 659240 4891271 9682 Stanley Lake M.bowl H.wall x Bt-Gneiss
MB11-47 659437 4891199 9421 Stanley Lake M.bowl H.wall Bt-Gneiss/Qtz vein
MB11-48 660424 4890946 8856 Stanley Marshall Bowl x MetaGabbro
MB11-51 650316 4891270 8748 Stanley Marshall Bowl x x x Mylonitic Qfg
MB11-53 660568 4891161 8447 Stanley Marshall Bowl x x x Cs-Gneiss
MB11-57 660212 4891701 8745 Stanley Marshall Bowl x Cs-Gneiss
MB11-61 660834 4891411 7735 Stanley Marshall Lake x x x x x Quartzite
MB11-65 660308 4891039 8751 Stanley M.Bowl tarn x x x x x x Qfg
UTM
*samples collected by Kyle Metz (2010) † samples collected by Dr. Barbara Dutrow (2011) 	
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APPENDIX	B:	MINERAL	ASSEMBLAGES	FROM	PETROGRAPHIC	ANALYSES	
Rock Type qtz pl kfs bt ms chl grt amp cpx opx ep sil cal ilm gr rt apt aln ttn mnz zrn
ST09-01* cl-bt-quartzite x x x x x x
ST09-02* bt-cl-pl-Qfg x x x x x x x
ST09-03* Quartzite x x
ST09-04* rt-bt-alk-amp-gneiss x x x x x x x x
ST09-05* cl-bt-pl-Qfg x x x x
ST11-01A sil-gr-ms-schist x x x x x
ST11-01A2 sil-gr-ms-schist x x x x
ST11-01BD† ms-bt-cl-Qfg x x x x x x x
ST11-02 ms-bt-quartzite x x x x x x x
ST11-03 ms-bt-quartzite x x x x x x x
ST11-04 zr-bt-orthogneiss x x x x x x
ST11-05 zr-bt-orthogneiss x x x x x x
ST11-06 cl-bt-quartzite x x x x
ST11-08 ms-quartzite x x x x x
ST11-09 ttn-cl-cpx-qtz-opx-gneiss x x x x x x
ST11-10A ms-alk-quartzite x x x
ST11-11 bt-alk-pl-Qfg x x x x x x
ST11-13 bt-alk-pl-Qfg x x x x x x x
ST11-15 Quartzite
ST11-16 CrMs-Qtzvein x
ST11-17BD† bt-plag-cl-alk-Qfg x x x x x x
MB11-18 bt-alk-plag-Qfg x x x x x x x x
MB11-27 bt-alk-pl-Qfg x x x x x x x x x
MB11-30 ttn-bt-pl-Qfg x x x x x x
MB11-33 ttn-ep-opx-cpx-amp-qtz-CSG x x x x x x x
MB11-34 ttn-alk-amp-opx-bt-gneiss x x x x x x x x
MB11-40 bt-alk-quartzite x x x x x x
MB11-51 cl-bt-pl-alk-Qfg x x x x x
MB11-53 ca-ttn-opx-amp-CSG x x x x x
MB11-61 cl-bt-alk-quartzite x x x x x x x
MB11-65 ttn-alk-bt-pl-Qfg x x x x x ? x x x x
MB11-65B ap-ttn-zr-bt-alk-pl-Qfg x x x x x x x x
† samples collected by Dr. Barbara Dutrow (2011)
SAMPLE #
Minerals Present
*samples collected by Kyle Metz (2010)
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APPENDIX	C:	HEAVY	MINERAL	SEPARATION;	LSU	GEOSCIENCE	LABORATORY	
INSTRUCTION	
	
Heavy	Mineral	Separation	
LSU	Geoscience	Laboratories	
	
	
	
	 Mineral	separation	for	geochronology	or	single	mineral	geochemical	analyses	offers	
an	opportunity	for	high	frequency,	collective	sampling	providing	a	large	array	of	data	from	
a	very	small	portion	of	your	samples.	Unfortunately,	the	desired	minerals	useful	for	these	
analyses	are	usually	far	and	few	between	and	require	processing	of	large	volumes	of	
collected	material	for	confident	results.	Vermeesh	(2004)	statistically	show	that	a	
minimum	of	117	detrital	grains	should	be	dated	to	achieve	an	adequate	level	of	accuracy	
per	provenance/geochemical	study.	Thus,	isolation	and	organization	of	this	number	of	
grains	is	the	only	realistic	method	for	SHRIMP,	LA‐ICP‐MS,	TIMS,	etc.	analysis	due	to	time	
consuming	standardizations	or	preparations	for	the	processing	equipment.		
	 The	following	instructions	in	this	manual	outline	the	steps	required	to	isolate	the	
mineral	zircon	from	your	samples.	Similarly,	other	minerals	can	be	separated	using	a	
similar	methodology,	concentrating	on	different	specific	gravities	or	magnetic	content.	
Careful	attention	should	be	paid	to	instructions	involving	heavy	liquids	due	to	their	
carcinogenicity	and	price.		
	
Information	on	the	purchase	and	handling	of	these	liquids	can	be	found	at	
www.geoliquids.com.		
	
	
Materials	
	
(Minimal)	See	appendix	for	pictures	and	ideal	inventory	levels	
	
3	Buchner	flasks	(filtering	flask),	or	Erlenmeyer	flasks	
3	Plastic	funnels	
1	Graduated	cylinder	
2	Watch	glasses	
2	Separatory	Funnels	w/	stopcock	and	stopper	
1	Metal	Spoon	
1	Box	of	Coffee	filters	or	fine	filter	paper	
1	Med‐Long	stem	glass	funnel	
1	~8‐10”	rubber	tubing	to	attach	to	glass	funnel	stem	
1	Tourniquet	clamp	for	rubber	tubing	
1	Hydrometer	(S.G.	2.0‐3.5	or	2.0‐3.0	and	3.0‐4.0)	
3	Short	buckets	
1	Hand	magnet	
1	Sleeve	‘Dixie’	paper	cups	(2‐3oz.)	
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Several	small	vials	
3‐5	disposable	pipettes	
1	liquid	dispenser	for	acetone	
APPENDIX	C:	Cont.	
	
Chemicals	Required	
Histology	grade	Acetone	(several	bottles)	~17$/bottle	
Bromoform	(Tribromomethane)	or	acetylene	tetrabromide	(tetrabromoethane)	65‐95$/lb	
Methylene	Iodide	(Diiodomethane)	~125$/lb	
	
	
1.	Processing	Samples	for	Separation	
	
	 Samples	collected	should	be	void	of	altered	material	if	possible	in	order	to	isolate	
the	desired	material.	If	collected	samples	contain	altered	or	introduced	material,	cut	
material	or	remove	when	breaking	samples	down	to	introduce	to	pulverizing	jaw.		
	 Images	should	be	taken	of	each	sample,	and	a	small	piece	should	be	kept	intact	to	
stand	as	a	hand	sample	for	further	studies	or	back	reference.	Thin	sections	should	also	be	
made	prior	to	this	point.	Recommended:	analyze	thin	section	for	desired	mineral.	This	
is	a	very	lengthy	and	costly	process.	You	will	be	very	upset	if	you	have	<5	grains	after	the	
last	step.		
	
To	begin,	your	samples	should	be	hammered	into	pieces	approximately	1	sq.	inch	to	feed	
into	the	jaw	crusher.	This	can	be	done	in	the	Rock	lab	with	a	sledgehammer	and	iron	slab.	
Wrapping	your	samples	in	paper	and	utilizing	cardboard	boxes	set	up	as	a	fence	around	
your	sample	will	minimize	and	collect	flying	debris.	Wear	goggles	and	watch	your	shins;	
dense	rock	will	not	want	to	cooperate.	Be	sure	to	thoroughly	clean	floor	and	tools	between	
samples	to	prevent	contamination.	
	
2.	Pulverization	and	Powdering	
	 	
	 2‐1.	Jaw	Crusher	–	Located	in	E118,	back	wall	
	 	 2‐1a.	Clean	the	apparatus	with	metal	brush	followed	by	standard	paint	brush	
	 	 2‐1b.	Turn	on	machine	by	lifting	the	left	most	lever	on	back	wall.	
	 	 	 ‐if	the	belt	turns,	but	the	jaw	doesn’t	move,	turn	off	immediately	and		
	 	 	 attempt	to	clear	jaw,	or	contact	Rick	Young.	
	 	 2‐1c.	Slowly	feed	small	fragments	into	jaw	keeping	opening	relatively		 	
	 	 	 covered	
	 	 2‐1d.	Collect	pulverized	fragments	into	bucket	for	next	step.	
	 	 2‐1e.	Turn	off	immediately	by	pulling	the	same	lever	used	to	start	the		 	
	 	 	 machine	
	
	 2‐2	Rotary	crusher	–	Located	in	E118,	right	wall	
	 	 2‐2a.	Clean	the	apparatus	with	a	standard	paint	brush	and	compressed	air		
	 	 	 located	to	the	left	of	the	machine.	(Turn	on,	allow	to	pressurize.	When	to	
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	 	 	 20	or	30,	can	be	used.	When	finished,	turn	off	and	release			 	
	 	 	 pressure	by	turning	valve	underneath.	Must	be	reclosed	before		 	
	 	 	 next	compression.	
	 	 2‐2b.	May	need	to	assemble	the	plates.	These	should	meet	flush	when	closed.		
	 	 	 (see	R.Y.	for	construction)	
	 	 2‐2c.	Start	with	a	gap	between	1‐2	quarter(s)	thicknesses	(2‐3mm)	and	lock		
	 	 	 by	turning	locks	at	the	front	(near	plates)	and	the	rear	(along	shaft).		
	 	 	 Close	plate	opening	and	hood.	
APPENDIX	C:	Cont.	
	
	 	 2‐2d.	Turn	on	light	(upper	right),	blower/aeration	(far	right,	black	switch)	
	 	 	 lastly,	machine	power	(right	most	lever	on	back	wall)		
	 	 2‐2e.	Slowly	feed	fragments	into	portal	on	far	left	of	machine.		
	 	 	 ‐Listen	to	make	sure	the	rotary	device	does	not	stop.	If	it	does,	or	
	 	 	 buildup	of	fragments,	stop	immediately	and	let	material	through.	You	
	 	 	 need	to	put	back	through	the	jaw	crusher.		
	 	 	 ‐Empty	every	two	cups	or	so	into	a	second	bucket.	
	 	 2‐2f.	You	will	now	decrease	the	void	between	the	two	plates	after	each	cycle.		
	 	 	 Keep	using	the	two	buckets	to	decrease	grain	size.		
	 	 	 ‐Begin	to	filter	with	~250‐500µm	sieve	into	a	third	bucket.	
	 	 2‐2g.	Once,	a	majority	of	the	sand	is	collected,	wash	with	faucet	water,	and		
	 	 	 pour	off	excess,	careful	not	to	lose	large	grains.	(located	in	main	rock		
	 	 	 lab)	
	 	 	 ‐Continue	until	water	is	relatively	clear	(5‐7	washes)		
	 	 2‐2h.	Pour	all	remaining	grains	into	a	paper‐lined	baking	pan	and	place	in		
	 	 	 drying	oven	to	the	right	of	the	sink	
	 	 	 	‐oven	is	testy,	do	not	exceed	setting	12‐15	if	you	plan	to	leave		 	
	 	 	 unattended	(do	not	exceed	7‐10	if	planning	on	fission	track)	
	 	 2‐2i.	When	dry,	use	hand	magnet	to	remove	metal	shrapnel	and	magnetics		
	 	 from	sand.	(best	done	½	cup	at	a	time,	move	in	circular	motion	until	no	mag.)	
	 	 	 ‐keep	magnetics	and	clean	sand	in	separate	bags.	Clean	will	be			
	 	 	 processed	
	 	 	 ‐Clean	sand	is	now	prepared	for	primary	heavy	liquid	separation	
	
3.	Primary	Heavy	Liquid	Separation	
	 3‐1	‘Lights’	
	 	 3‐1a	Set	up	the	hood	in	either	E119	or	E123	as	shown	in	attached	diagram.	
	 	 3‐2b	Processes	are	identical	whether	utilizing	bromoform	or	acetylene		
	 	 	 	 tetrabromide	
	 	 	 ‐bromoform	is	more	expensive,	but	less	is	needed	per	separation,	thus	
	 	 	 	 more	time	efficient	
	 	 3‐1c	Begin	by	filling	the	clamped	tube	and	glass	funnel	~3/4	full	of	heavy		
	 	 	 liquid.	
	 	 3‐1d.	Put	~2	ozs	clean	sand	into	liquid	and	stir.	
	 	 	 ‐allow	to	settle	for	a	few	minutes	
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	 	 3‐1e.	scoop	and	drain	surface	sand	against	the	slope	of	the	glass	funnel.	
	 	 3‐1f.	Place	sand	into	2nd		flask	assembly,	let	sit,	then	tap	to	pull	liquid	down.		
	 	 3‐1g.	Remove	filter	paper	with	sand	and	place	into	3rd	flask	assembly.	
	 	 	 ‐wash	this	with	acetone	multiple	times	(the	more	you	wash,	the	more		
	 	 	 potentially	reclaimed	–	cost	saved)	
	 	 3‐1h.	Save	this	sand	in	a	bin	labeled	‘lights’	
	 	 3‐1i.	Replace	filter	paper	and	repeat	steps	3‐1d	to	3‐1h	
	 	 	 ‐with	practice,	you	can	do	these	steps	synchronously,	just	don’t	mess		
	 3‐2	‘Heavys’	
	 	 3‐2a.	When	heavys	accumulate	at	clamp,	clasp	tube	shut	with	hand	just	above	
	 	 	 heavy	mineral	accumulation,	remove	clasp	and	keep	hand	tight.	
	APPENDIX	C:	Cont.	
	 	 3‐2b.	Let	small	spurts	of	heavy	liquid	out	to	wash	heavy	down	into	filter		
	 	 	 catch.	
	 	 	 ‐Reclasp	tube	below	handclasp.		
	 	 3‐2c.	Repeat	step	3‐1f	to	3‐1g	for	this	sand	
	 	 3‐2d.	Save	this	sand	in	a	bin	labeled	‘heavys’	
	 	 3‐2e.	Replace	paper	and	repeat	entire	process	until	enough	heavy	sand		
	 	 	 collected	
	 Note:	Be	sure	to	respect	the	volatility	of	the	liquid.	Do	not	leave	the	liquid	out	for	an	
extended	time,	even	if	a	watch	glass	is	atop	the	funnel.	Liquid	should	only	be	stored	in	
stoppered	glass	or	closed	bottles.	Pure	BR	or	ATB	can	be	returned	to	the	glass	funnel	
immediately.	Bromoform‐acetone	mixtures	can	be	stored	in	a	separation	funnel	for	
reclaim.	DO	NOT	mix	BR,	ATB	or	MI,	or	will	not	be	able	to	reclaim	appropriately.	
	
4.	Frantz	Multistage	Magnetic	Separation	
	 (located	in	E119,	back	left)		
Prior	to	using	this	machine.	Use	the	hand	magnet	to	remove	any	remaining	magnetized	
material	from	the	heavy	sand.	These	will	go	in	a	paper	cup	labeled	‘A’	and	sample	#.	
	 	 4a.	Set	up	device	according	to	attached	diagram.	
	 	 4b.	Turn	on	all	switches,	saving	the	upper	two	for	last	(these	two	must	be		
	 	 	 from	left	to	right)	
	 	 4c.	Place	paper	cups	under	the	far	and	near	drop.	These	will	be	labeled		
	 	 	 according	to	step	on	the	machine,	starting	with	‘B’	
	 	 4d.	Set	up	magnets	with	parameters	below.		
	 	 	 You	want	a	slow,	steady	stream	of	sand.	Allow	the	machine	to	work.		
	 	 	 Too	fast	and	you	could	bias	the	sample.	Better	to	be	too	slow.	
	 	 4e.	The	final	cup	holds	the	sand	to	process	with	secondary	heavy	liquids.	
	 	 	 	
	 	 	 A	 	 hand	magnet	separation	
	 	 	 B	 	 10˚	side	slope,	0.4	Amp	
	 	 	 C	 	 10˚	side	slope,	0.8	Amp	
	 	 	 D	 	 10˚	side	slope,	1.2	Amp	
	 	 	 E	 	 3˚			side	slope,	1.2	Amp	
	 	 	 F	 	 3˚			side	slope,	max	Amp	
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5.	Secondary	Heavy	Liquid	Separation	
	 It	is	likely	you	will	have	a	miniscule	amount	of	clean	sand	(final	cup).	In	order	to	
save	MI,	use	small,	flat‐bottom	vials	in	this	step	(listed	below).	If	you	have	a	gargantuan	
amount,	you	can	follow	the	same	process	as	primary	liquid	separation.	I	recommend	
separating	many	samples	with	primary	and	then	secondary	all	at	once	to	be	efficient.	
	
	 	 5a.	Pour	clean	heavy	sand	into	a	small,	flat	bottom	vial.	
	 	 5b.	Use	a	clean	pipette	to	introduce	MI	to	the	sand.	(fill	vial	~3/4	full)	
	 	 5c.	Allow	to	settle	(longer	time	than	primary)	
	 	 	 ‐can	shake	or	stir	and	then	settle	again	to	get	better	results	
	 	 5d.	Once	settled,	place	a	second	pipette	down	through	the	surface	sands	to	
	 	 	 lower,	heavy	sands	
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	 	 	 ‐Slightly	push	out	air	as	the	pipette	travels	through	the	top	sand	so		
	 	 	 not	to		catch	these	grains.	When	reaching	the	bottom,	suck	up	as	much	
	 	 	 heavy	sand	as	possibly	without	claiming	upper	grains.		
	 	 	 ‐Pipette	these	grains	into	a	separate	vial	and	allow	settling.		
	 	 	 ‐Decant	the	upper	liquid	in	this	new	vial	and	reintroduce	to	original		
	 	 	 	 vial.		
	 	 5e.	Repeat	5d	until	all	heavy	grains	are	captured.	(be	sure	to	allow	proper		
	 	 	 settling	between	steps)		
	 	 5f.	Remove	as	much	MI	from	both	vials	as	possible	w/out	removing	grains	
	 	 5g.	Place	relatively	pure	MI	into	a	larger	vial	or	beaker.		
	 	 5h.	With	a	new	pipette,	place	some	acetone	into	the	vials	and	pour	onto	filter		
	 	 	 paper	to	wash.	
	 	 	 ‐wash	samples	with	acetone	to	clean	similar	to	step	3‐1g	
	 	 5i.	The	washed,	heavy	grains	should	now	be	clean	grains	above	3.4	S.G.	
	 	 	 	(Zircon	and	a	small	set	of	other	grains)		
	 	 Depending	on	your	samples	and	your	purpose,	you	may	need	to	use	a			
	 	 petrographic	scope	to	sort	your	grains	or	further	isolate	based	on		 	
	 	 birefringence	or	morphology.	
	
6.	Reclaim	
	
	 Reclaim	is	likely	the	most	time	consuming	process,	but	essential	for	
separation…unless	you	are	rolling	in	grant	money	and	don’t	have	to	recycle.	Even	in	this	
case,	you	should	reclaim	for	the	next	researcher.	This	will	increase	the	amount	of	samples	
one	can	process	from	about	3	or	4	to	more	than	15.	
	
	 Mixtures	of	BR	and	acetone	should	be	kept	in	a	stoppered	separation	funnel		
	 	 until	this	step.		
	
		 6‐1	Bromoform	or	ATB	
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	 	 6‐1a.	Assemble	separation	apparatus	as	seen	in	attached	diagram.	
	 	 6‐1b.	Fill	a	second,	smaller	separation	funnel	¼	full	of	the	crude	mixture.		
	 	 6‐1c.	Fill	until	the	¾	mark	with	distilled	water	(more	can	be	retrieved	from	
	 	 	 geochemistry	lab	–	E240)	
	 	 6‐1d.	Shake	vigorously	until	mixture	goes	white,	perhaps	repeat,	and	allow		
	 	 	 settling	
	 	 6‐1e.	Decant	lower	liquid	slowly,	carful	not	to	include	upper	liquid	into	a		
	 	 	 separate	beaker	or	bottle.		
	 	 	 ‐this	will	be	measured	later	for	S.G.	
	 	 	 ‐this	liquid	will	likely	need	to	go	through	6‐1c‐6‐1d	several	times	to		
	 	 	 	 reach	the	original,	appropriate	S.G.	
	 	 6‐1f.	Use	the	graduate	cylinder	to	measure	the	S.G.	of	the	heavy	liquid.	If	too		
	 	 	 low,	reprocess	
	 	 6‐1g.	Remaining	H2O+BR+acetone,	is	to	be	placed	into	dewars	for	removal	by	
	 	 	 	 facility	services.		
	 	 6‐1h.	The	dewars	mentioned	in	6‐1f	can	once	again	yield	some	BR	after		
	 	 	 settling	for	an	extended	time.		
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	 	 	 ‐Decant	the	upper	liquid	into	a	larger	dewar,	and	reprocess	lower		
	 	 	 liquid	as	before	(6‐1b‐6‐1g)	
	 6‐2	MI	
	 Reclaiming	MI	is	essential	identical	to	BR	or	ATB,	except	the	volume	of	liquid	is	
likely	much	lower.	If	need	be,	you	can	use	a	smaller	graduated	cylinder.	Be	careful	to	note	
the	size	of	the	cylinder	and	hydrometer.		
	 	 6‐2a.	At	LSU,	the	current	hyrometer	only	extends	to	3.0.	
	 	 	 ‐in	order	to	reclaim	MI,	need	to	reach	~3.4		
	 	 	 ‐you	can	measure	pure	MI	with	our	hyrometer	and	match	that	level,		
	 	 	 or	use		the	mark	indicated	on	the	small	graduated	cylinder	(this		
	 	 	 should	be	between	the	first	and	second	letters	of	the	label	on	the	bell.	
	 	 	
	
Any	questions	can	be	posed	to	Philip	Bergeron,	Rick	Young,	or	possibly	the	geoliquids	
website	representatives.	Good	luck	and	be	patient.	
	
	
Philip	Bergeron,	MS	LSU	 	 	 	 Rick	Young	
205	HR	 	 	 	 	 	 Rock	Preparations	Laboratory	
Pberge1@tigers.lsu.edu	 	 	 	 (225)	578‐2243 
Bergeron.philip@gmail.com	 	 	 rhyoung@lsu.edu	
	 	 	 	 	 	 	 E120	HR	
	
www.geoliquids.com	
	
Vermeesch,	P.	(2004).	How	many	grains	are	needed	for	a	provenance	study?	Earth	and	
	 Planetary	Science	Letters	224,	441‐451.	
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Setting	up	the	Heavy	Liquid	Separation	Hood	
	
	 ‐Be	sure	all	glassware	and	tools	are	washed	and	dried	with	towel	and/or	air.			
	 ‐Be	sure	to	label	all	flasks,	and	funnels.	If	you	walk	away,	you	will	not	remember	
what		 	 	 you	left.		
	 ‐Follow	diagram	below	hood	set	up:	
	Image:	P.Bergeron	
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	ST11‐02	zircon	images	
			 		SEI		 	 	 						BEI		 	 	 	 					CL	
	
	 	
	
	
	
	
DZ02_11	
DZ02_27‐30	
DZ02_24‐26	
DZ02_18‐20	
DZ02_21‐23	
DZ02_31‐32	
113 
APPENDIX	E:	Cont.	
	ST11‐02	zircon	images	
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ST11‐02	zircon	images	
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ST11‐02b	zircon	images	
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ST11‐02b	zircon	images	
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ST11‐02b	zircon	images	
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ST11‐02b	zircon	images	
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ST11‐02b	zircon	images	
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ST11‐02b	zircon	images	
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ST11‐02b	zircon	images	
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ST11‐40	zircon	images	
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ST11‐40	zircon	images	
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ST11‐40	zircon	images	
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ST11‐08	zircon	images	
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ST11‐08	zircon	images	
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ST11‐08	zircon	images	
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ST11‐08	zircon	images	
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ST11‐08b	zircon	images	
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ST11‐08b	zircon	images	
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MB11‐61	zircon	images	
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MB11‐61	zircon	images	
				SEI		 	 	 						BEI		 	 	 	 					CL		 	
	
	
	
	
	
	
DZ61_22‐24	
DZ61_26‐28	
DZ61_30‐31	
DZ61_32‐33	
DZ61_34‐35	
DZ61_36‐37	
133 
APPENDIX	E:	Cont.	
MB11‐61	zircon	images	
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MB11‐61	zircon	images	
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ST09‐01	zircon	images	
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ST09‐01	zircon	images	
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ST09‐01	zircon	images	
				SEI		 	 	 					BEI			 	 	 					CL		 	
	
	
	
	
		
	
	
	
	
	
	
DZ0901_42‐45	
DZ0901_46‐49	
DZ0901_51‐56	
DZ0901_57	
DZ0901_58‐59	
138 
APPENDIX	E:	Cont.	
MB11‐18	zircon	images	
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MB11‐18	zircon	images	
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MB11‐18	zircon	images	
				SEI		 	 	 						BEI		 	 	 	 					CL		 	 	 	
	
	
	
		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
M18_29	
M18_30	
M18_31‐32	
M18_33‐34	
141 
APPENDIX	E:	Cont.	
MB11‐27	zircon	images	
				SEI		 	 	 						BEI		 	 	 	 					CL		 	 	 	
	
	
	
	
	
	
M27_2‐4	
M27_5‐6	
M27_7‐9	
M27_10‐12	
M27_13‐16	
M27_20‐23	
142 
APPENDIX	E:	Cont.	
MB11‐27	zircon	images	
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MB11‐65	zircon	images	
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MB11‐65	zircon	images	
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MB11‐65	zircon	images	
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ST11‐17BD	zircon	images	
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ST11‐17BD	zircon	images	
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ST11‐17BD	zircon	images	
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APPENDIX	F:	APPENDIX	D:	LA‐ICP‐MS	REDUCED	U‐Pb	ISOTOPE	GEOCHRONOLOGY	DATA	
Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
Qtz1 (RHO)
DZ61_1 0.1921 0.0043 1.9910 0.0472 0.0752 0.0006 1132.6 46.7 1112.4 31.8 1073.0 29.7 -5.55 0.95
DZ61_2 0.2395 0.0723 18.4846 6.4147 0.5597 0.0948 1384.1 731.3 3015.2 577.9 4406.5 494.7 68.59 0.87
DZ61_3 0.2280 0.0066 2.9206 0.0879 0.0929 0.0008 1324.0 69.1 1387.2 45.0 1485.5 31.1 10.87 0.96
DZ61_4 0.2226 0.0084 3.2592 0.1260 0.1062 0.0009 1295.4 88.4 1471.3 59.2 1735.0 29.9 25.33 0.98
DZ61_5 0.1523 0.0043 1.6726 0.0505 0.0797 0.0009 913.7 47.6 998.1 38.0 1188.5 44.9 23.12 0.93
DZ61_6 0.2818 0.0078 4.1685 0.1202 0.1073 0.0008 1600.3 78.7 1667.8 46.7 1753.5 27.5 8.74 0.97
DZ61_7 0.2519 0.0070 3.1219 0.0894 0.0899 0.0007 1448.0 71.5 1438.0 43.6 1423.0 28.5 -1.76 0.97
DZ61_8 0.4758 0.0114 11.3311 0.2851 0.1727 0.0013 2508.8 99.5 2550.6 46.4 2584.0 24.7 2.91 0.96
DZ61_9 0.4327 0.0123 10.7287 0.3154 0.1798 0.0013 2317.8 110.2 2499.8 53.9 2651.0 24.8 12.57 0.97
DZ61_10 0.2406 0.0091 3.3824 0.1317 0.1020 0.0008 1389.5 94.7 1500.3 60.1 1660.0 30.6 16.29 0.98
DZ61_11 0.1838 0.0033 1.9812 0.0368 0.0782 0.0003 1087.5 36.4 1109.1 24.9 1151.5 13.8 5.56 0.98
DZ61_12 0.4796 0.0052 12.8081 0.1402 0.1937 0.0004 2525.5 45.0 2665.5 20.5 2773.5 6.2 8.94 0.98
DZ61_13 0.2050 0.0035 3.1165 0.0544 0.1103 0.0003 1202.1 37.8 1436.7 26.7 1803.5 9.3 33.35 0.99
DZ61_14 0.1487 0.0150 1.7496 0.1769 0.0853 0.0004 893.7 167.4 1027.0 126.6 1322.5 18.5 32.42 1.00
DZ61_15 0.2024 0.0038 2.4111 0.0460 0.0864 0.0002 1188.4 41.0 1245.8 27.2 1346.5 9.0 11.74 0.99
DZ61_16 0.0299 0.0035 0.2147 0.0251 0.0521 0.0006 189.7 43.4 197.5 41.5 290.5 51.1 34.69 1.00
DZ61_17 0.1636 0.0038 2.5105 0.0583 0.1113 0.0003 976.8 41.6 1275.0 33.4 1820.5 11.4 46.35 0.99
DZ61_18 0.2267 0.0042 2.7112 0.0504 0.0868 0.0002 1316.9 43.9 1331.5 27.4 1355.0 9.0 2.81 0.99
DZ61_19 0.2378 0.0036 2.8669 0.0442 0.0874 0.0002 1375.4 37.6 1373.2 23.1 1369.5 9.3 -0.43 0.99
DZ61_20 0.2448 0.0032 3.0291 0.0401 0.0897 0.0002 1411.8 33.2 1414.9 20.1 1419.5 6.9 0.54 0.99
DZ61_21 0.2673 0.0096 3.9564 0.1441 0.1074 0.0006 1527.0 97.4 1625.2 58.2 1754.5 21.5 12.97 0.99
DZ61_22 0.1852 0.0029 1.9280 0.0306 0.0755 0.0002 1095.4 31.6 1090.8 21.1 1081.5 8.3 -1.28 0.99
DZ61_23 0.1532 0.0073 1.5992 0.0765 0.0757 0.0002 918.8 81.6 969.8 58.9 1087.0 10.3 15.47 1.00
DZ61_24 0.2208 0.0029 2.6536 0.0354 0.0872 0.0003 1286.0 30.2 1315.6 19.6 1364.0 11.8 5.72 0.97
DZ61_25 0.1825 0.0147 2.5073 0.2032 0.0996 0.0008 1080.8 159.4 1274.1 114.4 1616.5 31.1 33.14 0.99
DZ61_26 0.3266 0.0059 4.9905 0.0901 0.1108 0.0002 1821.8 56.9 1817.6 30.3 1812.5 6.2 -0.51 1.00
DZ61_27 0.5325 0.0087 14.7364 0.2417 0.2007 0.0004 2751.8 72.8 2798.2 31.0 2832.0 6.0 2.83 0.99
DZ61_28 0.1811 0.0018 1.9401 0.0210 0.0777 0.0004 1073.0 19.1 1095.0 14.5 1139.0 19.3 5.79 0.89
DZ61_29 0.1606 0.0053 2.3086 0.0764 0.1043 0.0003 959.9 58.7 1214.9 46.4 1701.5 9.2 43.59 1.00
DZ61_30 0.2227 0.0027 2.8135 0.0362 0.0916 0.0004 1296.1 28.8 1359.1 19.2 1459.5 14.8 11.20 0.95
DZ61_31 0.4157 0.0090 10.2800 0.2298 0.1794 0.0009 2240.9 82.1 2460.2 41.0 2646.5 17.1 15.33 0.97
DZ61_32 0.2236 0.0034 2.7191 0.0425 0.0882 0.0002 1300.9 36.2 1333.6 23.1 1386.5 10.6 6.18 0.98
DZ61_33 0.1945 0.0052 2.3806 0.0639 0.0888 0.0003 1145.5 55.9 1236.7 38.0 1399.0 12.0 18.12 0.99
DZ61_34 0.3194 0.0040 4.9029 0.0623 0.1113 0.0003 1786.5 38.9 1802.7 21.3 1821.5 8.7 1.92 0.98
Apparent Ages (Ma)
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APPENDIX	F:	Cont.		
Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
DZ61_35 0.2509 0.0083 4.9298 0.1711 0.1425 0.0014 1443.3 85.7 1807.3 57.8 2257.5 34.2 36.07 0.96
DZ61_36 0.2671 0.0046 3.9290 0.0674 0.1067 0.0002 1526.2 46.3 1619.6 27.6 1743.0 5.7 12.44 1.00
DZ61_37 0.2522 0.0035 3.7038 0.0527 0.1065 0.0003 1449.9 36.1 1572.1 22.6 1740.0 10.7 16.67 0.98
DZ61_38 0.2542 0.0047 3.1764 0.0592 0.0906 0.0002 1459.8 48.0 1451.4 28.6 1439.0 10.3 -1.45 0.99
DZ61_39 0.2345 0.0046 3.4617 0.0689 0.1070 0.0002 1358.2 48.4 1518.5 31.1 1749.5 7.2 22.37 1.00
DZ61_40 0.2484 0.0051 3.6597 0.0757 0.1069 0.0002 1430.2 52.8 1562.5 32.7 1746.0 5.9 18.09 1.00
DZ61_41 0.2334 0.0069 3.4043 0.1014 0.1058 0.0002 1352.2 72.3 1505.3 46.2 1728.0 7.5 21.75 1.00
DZ61_42 0.2208 0.0125 3.3730 0.1942 0.1108 0.0010 1285.8 131.7 1498.1 88.2 1812.5 34.0 29.06 0.99
DZ61_43 0.1624 0.0190 2.3032 0.2692 0.1028 0.0006 970.2 208.6 1213.2 159.1 1676.0 23.0 42.11 1.00
DZ61_44 0.3983 0.0269 9.9500 0.6779 0.1812 0.0015 2161.3 245.9 2430.0 122.0 2663.5 27.6 18.85 0.99
DZ61_45 0.2484 0.0029 3.6347 0.0438 0.1061 0.0002 1430.0 30.4 1557.1 19.1 1734.0 8.0 17.53 0.98
DZ61_46 0.2294 0.0022 2.6159 0.0262 0.0827 0.0002 1331.1 23.4 1305.0 14.6 1262.5 9.0 -5.43 0.97
DZ61_47 0.2442 0.0044 3.0585 0.0551 0.0908 0.0002 1408.5 45.2 1422.3 27.4 1443.0 8.6 2.39 0.99
DZ61_48 0.2945 0.0057 4.3905 0.0851 0.1081 0.0003 1664.0 56.2 1710.5 31.8 1767.5 9.5 5.85 0.99
DZ61_49 0.2894 0.0033 4.2709 0.0502 0.1070 0.0002 1638.6 33.4 1687.7 19.3 1749.0 8.0 6.31 0.98
DZ61_50 0.3081 0.0075 8.5562 0.2097 0.2014 0.0006 1731.5 73.7 2291.8 44.1 2837.0 9.6 38.97 0.99
DZ61_51 0.0824 0.0038 1.0920 0.0508 0.0961 0.0003 510.4 45.4 749.4 48.7 1550.0 12.6 67.07 1.00
DZ61_52 0.0331 0.0074 0.4338 0.1121 0.0952 0.0121 209.7 92.2 365.9 152.9 1531.5 479.9 86.31 0.87
DZ61_53 0.2850 0.0036 4.2576 0.0558 0.1083 0.0004 1616.5 36.1 1685.1 21.4 1771.5 12.6 8.75 0.96
DZ61_54 0.3026 0.0054 4.4961 0.0803 0.1078 0.0002 1704.2 53.1 1730.2 29.5 1761.5 6.7 3.25 0.99
DZ61_55 0.1904 0.0099 2.7548 0.1427 0.1049 0.0002 1123.7 106.2 1343.3 75.7 1712.5 8.6 34.38 1.00
DZ61_56 0.2744 0.0091 3.4419 0.1149 0.0910 0.0002 1563.2 92.2 1513.9 51.9 1445.5 7.4 -8.14 1.00
DZ61_57 0.1800 0.0033 1.8950 0.0363 0.0763 0.0004 1067.0 36.5 1079.3 25.3 1104.0 19.3 3.35 0.97
DZ61_58 0.3022 0.0063 4.8087 0.1005 0.1154 0.0003 1702.0 62.0 1786.3 34.8 1886.0 8.4 9.76 0.99
DZ61_59 0.2710 0.0138 4.0118 0.2049 0.1074 0.0003 1545.7 139.5 1636.5 81.4 1755.0 8.7 11.93 1.00
DZ61_60 0.1833 0.0036 1.9260 0.0386 0.0762 0.0002 1085.1 39.7 1090.1 26.6 1100.0 9.0 1.35 0.99
DZ61_61 0.3631 0.0253 8.5578 0.5993 0.1710 0.0010 1996.6 237.5 2292.0 123.5 2567.0 18.8 22.22 1.00
DZ61_62 0.4944 0.0077 14.6724 0.2304 0.2152 0.0004 2589.5 66.4 2794.1 29.6 2945.0 5.6 12.07 0.99
DZ61_63 0.2962 0.0048 4.2254 0.0690 0.1035 0.0003 1672.3 47.4 1678.9 26.6 1687.0 9.6 0.87 0.99
DZ61_64 0.2248 0.0029 3.5629 0.0460 0.1150 0.0002 1307.0 30.2 1541.2 20.4 1879.0 6.6 30.44 0.99
DZ61_65 0.1733 0.0016 1.9550 0.0545 0.0818 0.0021 1030.5 17.7 1100.1 37.1 1240.5 103.0 16.93 0.33
DZ61_66 0.2941 0.0038 4.2710 0.0591 0.1053 0.0005 1661.8 37.5 1687.7 22.6 1720.0 19.2 3.39 0.93
DZ61_67 0.1876 0.0044 1.9752 0.0467 0.0764 0.0002 1108.4 47.8 1107.0 31.6 1104.0 9.8 -0.40 0.99
DZ61_68 0.2485 0.0155 3.0569 0.1912 0.0892 0.0001 1430.5 159.4 1421.9 93.5 1409.0 6.4 -1.53 1.00
DZ61_69 0.4864 0.0127 11.3654 0.2964 0.1695 0.0003 2555.0 109.3 2553.5 48.1 2552.0 5.2 -0.12 1.00
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APPENDIX	F:	Cont.	
Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
DZ61_70 0.2662 0.0101 3.9761 0.1541 0.1083 0.0009 1521.4 102.1 1629.3 61.9 1771.5 30.6 14.12 0.98
Qtz1
DZ0901_1 0.2919 0.0037 4.3491 0.0562 0.1081 0.0002 1650.9 37.1 1702.6 21.2 1766.5 7.5 6.54 0.99
DZ0901_2 0.2635 0.0029 3.9830 0.0457 0.1096 0.0003 1507.6 29.6 1630.6 18.5 1793.0 11.5 15.92 0.96
DZ0901_3 0.0265 0.0023 0.2072 0.0184 0.0567 0.0010 168.6 28.9 191.2 30.7 480.0 79.8 64.87 0.98
DZ0901_4 0.3008 0.0029 4.4688 0.0442 0.1078 0.0002 1695.2 29.1 1725.1 16.4 1761.5 5.5 3.76 0.99
DZ0901_5 0.2682 0.0026 3.9441 0.0385 0.1066 0.0001 1531.8 26.4 1622.7 15.7 1742.5 4.1 12.09 0.99
DZ0901_6 0.1911 0.0017 2.8442 0.0266 0.1079 0.0003 1127.3 18.4 1367.2 14.0 1765.0 10.8 36.13 0.95
DZ0901_7 0.1656 0.0010 1.8479 0.0420 0.0809 0.0018 987.9 11.3 1062.6 29.7 1219.5 85.9 18.99 0.27
DZ0901_8 0.2187 0.0032 2.7266 0.0401 0.0904 0.0001 1274.9 33.7 1335.7 21.7 1434.5 6.2 11.13 0.99
DZ0901_9 0.1811 0.0017 1.9351 0.0182 0.0775 0.0002 1073.1 18.1 1093.3 12.5 1133.5 8.2 5.33 0.98
DZ0901_10 0.2011 0.0012 2.2445 0.0139 0.0810 0.0002 1181.0 12.3 1195.0 8.7 1220.5 9.5 3.24 0.92
DZ0901_11 0.0953 0.0090 1.2260 0.1176 0.0933 0.0013 586.6 106.0 812.5 104.5 1494.5 52.9 60.75 0.99
DZ0901_12 0.2281 0.0014 2.7920 0.0187 0.0888 0.0002 1324.4 15.2 1353.3 10.0 1399.0 8.2 5.33 0.95
DZ0901_13 0.0623 0.0041 0.6892 0.0458 0.0803 0.0006 389.4 49.8 532.3 54.3 1203.5 28.0 67.64 0.99
DZ0901_14 0.2863 0.0048 4.3108 0.0742 0.1092 0.0003 1622.8 48.5 1695.3 28.2 1786.0 11.5 9.14 0.98
DZ0901_15 0.1618 0.0015 1.6945 0.0168 0.0760 0.0002 966.8 17.1 1006.4 12.6 1093.5 10.3 11.59 0.97
DZ0901_16 0.1793 0.0019 1.9067 0.0206 0.0771 0.0002 1063.3 20.6 1083.4 14.3 1124.0 9.2 5.40 0.98
DZ0901_17 0.1769 0.0022 1.8290 0.0230 0.0750 0.0001 1049.9 24.1 1055.9 16.4 1068.0 6.3 1.69 0.99
DZ0901_18 0.1040 0.0049 1.4073 0.0670 0.0982 0.0004 637.7 57.5 892.0 55.8 1589.0 14.1 59.87 1.00
DZ0901_19 0.2628 0.0028 3.8828 0.0426 0.1071 0.0004 1504.3 28.0 1610.0 17.6 1751.0 12.1 14.09 0.95
DZ0901_20 0.2310 0.0012 2.8695 0.0176 0.0901 0.0003 1339.9 12.0 1373.9 9.2 1427.0 13.7 6.10 0.81
DZ0901_21 0.3114 0.0023 4.6200 0.0354 0.1076 0.0002 1747.5 23.0 1752.8 12.7 1759.0 5.2 0.65 0.98
DZ0901_22 0.2597 0.0047 3.6653 0.0665 0.1024 0.0003 1488.2 47.7 1563.8 28.7 1667.0 9.2 10.73 0.99
DZ0901_23 0.2688 0.0089 4.1423 0.1375 0.1118 0.0002 1534.5 90.2 1662.6 53.6 1828.5 6.1 16.08 1.00
DZ0901_24 0.0651 0.0067 0.8424 0.0881 0.0939 0.0014 406.3 81.3 620.4 94.9 1506.0 56.2 73.02 0.99
DZ0901_25 0.2191 0.0026 3.2099 0.0377 0.1063 0.0002 1277.0 27.0 1459.5 18.1 1736.0 5.3 26.44 0.99
DZ0901_26 0.3040 0.0033 4.5798 0.0506 0.1092 0.0003 1711.3 32.2 1745.5 18.3 1786.5 9.7 4.21 0.97
DZ0901_27 0.2411 0.0069 3.5722 0.1031 0.1075 0.0002 1392.4 71.9 1543.3 45.3 1756.5 7.8 20.73 1.00
DZ0901_28 0.1188 0.0125 1.6536 0.1745 0.1009 0.0009 723.7 143.1 990.9 129.3 1641.0 34.3 55.90 1.00
DZ0901_29 0.2669 0.0181 5.4699 0.3708 0.1486 0.0003 1524.9 182.7 1895.8 113.2 2330.0 6.4 34.55 1.00
DZ0901_30 0.1236 0.0118 1.6894 0.1629 0.0992 0.0011 751.1 135.0 1004.5 119.4 1608.0 42.1 53.29 0.99
DZ0901_31 0.1832 0.0017 1.9558 0.0187 0.0774 0.0002 1084.4 18.2 1100.4 12.8 1132.0 11.0 4.20 0.96
11N 661019 4890547
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APPENDIX	F:	Cont.		
Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
DZ0901_32 0.2798 0.0020 4.1189 0.0304 0.1068 0.0002 1590.2 20.2 1658.0 12.0 1745.0 6.7 8.87 0.97
DZ0901_33 0.1165 0.0069 1.1991 0.0712 0.0746 0.0002 710.4 79.5 800.1 64.7 1058.5 10.5 32.89 1.00
DZ0901_34 0.0796 0.0028 1.6730 0.0600 0.1525 0.0010 493.5 33.4 998.3 45.1 2374.0 23.0 79.21 0.98
DZ0901_35 0.1103 0.0063 1.3691 0.0805 0.0901 0.0014 674.2 72.4 875.7 67.8 1426.5 59.3 52.73 0.96
DZ0901_36 0.2156 0.0155 2.9841 0.2140 0.1004 0.0002 1258.4 162.9 1403.5 106.2 1631.0 7.8 22.84 1.00
DZ0901_37 0.0533 0.0076 0.5090 0.0748 0.0692 0.0027 334.9 92.2 417.7 98.3 905.0 160.7 62.99 0.96
DZ0901_38 0.1149 0.0079 1.5508 0.1068 0.0979 0.0004 700.9 90.9 950.8 83.3 1584.5 16.6 55.76 1.00
DZ0901_39 0.2342 0.0029 2.9280 0.0427 0.0907 0.0007 1356.7 30.1 1389.1 22.0 1439.0 29.9 5.72 0.84
DZ0901_40 0.1762 0.0024 1.8461 0.0253 0.0760 0.0002 1046.1 25.9 1062.0 18.0 1094.5 11.7 4.42 0.98
DZ0901_41 0.2063 0.0181 2.9418 0.2595 0.1034 0.0010 1209.0 191.8 1392.7 129.5 1686.0 36.6 28.29 0.99
DZ0901_42 0.2785 0.0076 4.1532 0.1144 0.1082 0.0004 1583.8 76.4 1664.8 44.6 1768.5 13.2 10.45 0.99
DZ0901_43 0.4989 0.0055 12.7025 0.1420 0.1846 0.0004 2609.1 47.0 2657.7 20.9 2695.0 7.0 3.19 0.98
DZ0901_44 0.2337 0.0021 2.8844 0.0264 0.0895 0.0002 1354.0 21.9 1377.8 13.8 1414.5 7.0 4.28 0.98
DZ0901_45 0.2097 0.0030 2.5920 0.0417 0.0896 0.0006 1227.2 32.2 1298.3 23.4 1418.0 27.1 13.46 0.90
DZ0901_46 0.2676 0.0048 3.9602 0.0718 0.1073 0.0002 1528.5 49.1 1626.0 29.2 1754.5 5.5 12.88 1.00
DZ0901_47 0.1335 0.0051 1.8885 0.0740 0.1026 0.0009 807.9 58.0 1077.0 51.4 1671.0 31.7 51.65 0.98
DZ0901_48 0.2780 0.0094 4.0863 0.1383 0.1066 0.0001 1581.0 94.5 1651.5 54.5 1742.0 4.1 9.24 1.00
DZ0901_49 0.0409 0.0043 0.4306 0.0457 0.0764 0.0014 258.4 52.8 363.6 63.8 1104.5 73.1 76.61 0.99
DZ0901_50 0.1669 0.0058 1.7837 0.0661 0.0775 0.0010 994.7 63.6 1039.5 47.6 1134.5 52.6 12.32 0.93
DZ0901_51 0.1323 0.0059 1.4143 0.0640 0.0775 0.0005 800.8 67.3 894.9 53.1 1135.0 24.1 29.45 0.99
DZ0901_52 0.2773 0.0045 4.3438 0.0745 0.1136 0.0006 1577.7 45.5 1701.6 28.1 1857.5 19.4 15.06 0.95
DZ0901_53 0.1911 0.0074 2.9604 0.1152 0.1123 0.0003 1127.4 80.0 1397.4 58.2 1837.5 10.3 38.64 1.00
DZ0901_54 0.1620 0.0099 1.9406 0.1204 0.0869 0.0010 967.7 109.0 1095.2 81.5 1358.0 45.5 28.74 0.98
DZ0901_55 0.2896 0.0029 4.1737 0.0440 0.1045 0.0003 1639.3 29.3 1668.8 17.2 1706.0 10.9 3.91 0.96
DZ0901_56 0.2911 0.0028 4.3034 0.0424 0.1072 0.0003 1647.2 27.7 1693.9 16.2 1752.0 9.0 5.98 0.97
DZ0901_57 0.3579 0.0024 7.4754 0.0782 0.1515 0.0012 1972.4 22.8 2169.9 18.7 2362.5 27.4 16.51 0.64
DZ0901_58 0.2500 0.0043 3.6870 0.0642 0.1069 0.0001 1438.6 44.7 1568.5 27.6 1747.5 4.7 17.67 1.00
DZ0901_59 0.1885 0.0040 2.6075 0.0553 0.1003 0.0002 1113.1 43.2 1302.7 30.9 1630.0 5.6 31.71 1.00
DZ0901_60 0.2242 0.0047 3.4278 0.0718 0.1109 0.0003 1304.2 48.9 1510.7 32.7 1813.5 10.7 28.08 0.99
DZ0901-61 0.2293 0.0022 2.7539 0.0278 0.0871 0.0002 1330.7 23.6 1343.1 15.0 1362.5 9.1 2.33 0.97
Apparent Ages (Ma)
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APPENDIX	F:	Cont.		
Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
Qtz3
DZ08_1 0.2171 0.0054 3.2923 0.0814 0.1100 0.0002 1266.7 56.6 1479.2 38.1 1798.5 5.3 29.57 1.00
DZ08_2 0.3838 0.0249 8.7361 0.5675 0.1651 0.0004 2094.1 230.0 2310.7 115.0 2508.0 8.4 16.50 1.00
DZ08_3 0.0225 0.0005 0.1512 0.0035 0.0488 0.0001 143.2 6.6 142.9 6.2 138.5 13.0 -3.39 0.99
DZ08_4 0.2620 0.0087 6.5642 0.2176 0.1817 0.0005 1499.8 88.1 2054.5 57.6 2668.5 8.3 43.80 1.00
DZ08_5 0.3178 0.0276 8.4210 0.7330 0.1922 0.0006 1778.9 267.6 2277.3 152.1 2760.5 9.7 35.56 1.00
DZ08_6 0.3574 0.0035 9.0141 0.0913 0.1829 0.0004 1969.8 33.5 2339.3 18.4 2679.5 7.4 26.49 0.98
DZ08_7 0.2742 0.0221 6.8516 0.5529 0.1812 0.0004 1562.2 221.9 2092.3 138.2 2663.5 7.5 41.35 1.00
DZ08_8 0.3745 0.0124 8.6980 0.2889 0.1684 0.0002 2050.5 116.0 2306.7 59.6 2542.0 4.9 19.33 1.00
DZ08_9 0.5163 0.0062 15.0958 0.1860 0.2121 0.0005 2683.2 52.9 2821.2 23.3 2921.0 8.0 8.14 0.98
DZ08_10 0.2925 0.0080 4.5794 0.1256 0.1135 0.0002 1654.1 79.6 1745.4 45.2 1856.5 7.6 10.90 1.00
DZ08_11 0.4950 0.0045 12.8515 0.1210 0.1883 0.0005 2592.4 38.6 2668.7 17.7 2727.0 8.4 4.94 0.96
DZ08_12 0.2872 0.0180 4.4453 0.2788 0.1123 0.0003 1627.5 179.0 1720.7 101.4 1836.0 8.9 11.36 1.00
DZ08_13 0.3205 0.0180 4.9914 0.2807 0.1129 0.0002 1792.3 174.7 1817.8 93.0 1847.0 7.6 2.96 1.00
DZ08_14 0.4234 0.0222 10.6262 0.5572 0.1820 0.0004 2275.9 199.4 2490.9 95.1 2671.0 7.1 14.79 1.00
DZ08_15 0.2686 0.0066 4.2653 0.1056 0.1152 0.0002 1533.5 67.2 1686.6 40.3 1882.5 7.8 18.54 1.00
DZ08_16 0.4541 0.0154 11.8076 0.3998 0.1886 0.0003 2413.2 135.4 2589.1 62.4 2730.0 6.0 11.60 1.00
DZ08_17 0.1014 0.0138 1.4143 0.1935 0.1011 0.0014 622.8 160.6 894.9 156.5 1644.5 49.9 62.13 1.00
DZ08_18 0.1638 0.0016 2.4357 0.0245 0.1079 0.0003 977.8 17.5 1253.2 14.5 1763.5 10.3 44.56 0.96
DZ08_19 0.5156 0.0131 14.5393 0.3699 0.2045 0.0003 2680.6 110.9 2785.4 47.8 2862.0 4.9 6.34 1.00
DZ08_20 0.3338 0.0094 5.2134 0.1498 0.1133 0.0006 1856.5 90.5 1854.7 48.4 1852.5 20.6 -0.21 0.98
DZ08_21 0.2787 0.0125 4.3032 0.1937 0.1120 0.0004 1584.8 125.4 1693.9 72.8 1831.5 14.0 13.47 1.00
DZ08_22 0.5445 0.0067 15.7285 0.1944 0.2095 0.0004 2802.2 55.5 2860.3 23.5 2901.5 5.6 3.42 0.99
DZ08_23 0.2747 0.0060 4.2532 0.0929 0.1123 0.0003 1564.6 60.1 1684.3 35.6 1836.5 8.9 14.80 0.99
DZ08_24 0.4145 0.0069 10.5258 0.1782 0.1842 0.0004 2235.5 63.2 2482.1 31.1 2690.5 7.9 16.91 0.99
DZ08_25 0.3108 0.0057 4.6703 0.0865 0.1090 0.0002 1744.8 56.3 1761.8 30.8 1782.0 5.9 2.09 1.00
DZ08_26 0.3566 0.0082 5.5793 0.1292 0.1135 0.0003 1966.1 77.7 1912.8 39.5 1855.5 9.7 -5.96 0.99
DZ08_27 0.2832 0.0036 4.2354 0.0551 0.1085 0.0003 1607.4 36.2 1680.8 21.2 1773.5 9.5 9.36 0.98
DZ08_28 0.6352 0.0100 19.2198 0.3051 0.2195 0.0003 3169.8 79.0 3052.8 30.4 2976.5 4.4 -6.50 1.00
DZ08_29 0.4721 0.0089 9.8704 0.1863 0.1516 0.0002 2492.6 77.5 2422.6 34.5 2364.5 5.1 -5.42 1.00
DZ08_30 0.5485 0.0168 14.1867 0.4346 0.1876 0.0002 2819.0 139.0 2762.1 57.3 2721.0 4.1 -3.60 1.00
DZ08_31 0.3944 0.0056 9.9700 0.1429 0.1833 0.0003 2143.2 51.8 2431.9 26.3 2683.0 5.8 20.12 0.99
DZ08_32 0.3542 0.0079 6.2490 0.1406 0.1280 0.0003 1954.6 75.3 2011.2 39.0 2070.0 7.5 5.57 1.00
DZ08_33 0.5572 0.0182 15.9135 0.5292 0.2071 0.0014 2855.1 149.5 2871.5 62.6 2883.0 21.5 0.97 0.98
DZ08_34 0.3125 0.0114 4.8282 0.1775 0.1120 0.0004 1753.1 111.7 1789.7 60.9 1832.5 14.3 4.33 0.99
11N 659580 4890047
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Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
DZ08_35 0.4099 0.0095 7.3605 0.1705 0.1302 0.0002 2214.5 86.3 2156.1 41.0 2100.5 5.8 -5.43 1.00
DZ08_36 0.4229 0.0060 9.6252 0.1388 0.1651 0.0003 2273.4 54.7 2399.5 26.4 2508.0 6.3 9.35 0.99
DZ08_37 0.4604 0.0126 11.7391 0.3237 0.1849 0.0005 2441.3 111.1 2583.7 51.0 2697.5 8.9 9.50 1.00
DZ08_38 0.3091 0.0034 4.6268 0.0520 0.1086 0.0002 1736.3 33.6 1754.0 18.7 1775.0 7.6 2.18 0.98
DZ08_39 0.2020 0.0152 3.0208 0.2288 0.1085 0.0009 1185.9 162.1 1412.8 112.4 1773.5 29.4 33.13 0.99
DZ08_40 0.2590 0.0058 3.9827 0.0896 0.1115 0.0002 1484.8 59.3 1630.6 36.2 1824.0 6.3 18.60 1.00
DZ08_41 0.2506 0.0276 3.8133 0.4224 0.1104 0.0012 1441.3 281.7 1595.5 170.8 1805.5 38.0 20.17 1.00
DZ08_42 0.4519 0.0097 9.8005 0.2099 0.1573 0.0002 2403.5 85.5 2416.1 39.1 2426.5 5.0 0.95 1.00
DZ08_43 0.2081 0.0276 3.1917 0.4570 0.1113 0.0059 1218.5 291.4 1455.1 210.1 1819.5 194.1 33.03 0.93
DZ08_44 0.2730 0.0092 6.8596 0.2318 0.1822 0.0003 1556.1 92.9 2093.3 59.0 2673.0 6.0 41.79 1.00
DZ08_45 0.3252 0.0414 7.8807 1.0160 0.1757 0.0034 1815.2 396.9 2217.4 220.0 2613.0 65.3 30.53 0.99
DZ08_46 0.3166 0.0469 7.8237 1.1845 0.1792 0.0054 1773.0 451.7 2210.8 255.8 2645.5 100.5 32.98 0.98
DZ08_47 0.3403 0.0075 5.4216 0.1209 0.1155 0.0004 1647.6 75.6 1744.9 43.1 1863.5 5.4 11.59 1.00
DZ08_48 0.2912 0.0076 4.5763 0.1195 0.1140 0.0002 1647.6 75.6 1744.9 43.1 1863.5 5.4 11.59 1.00
DZ08_49 0.3049 0.0084 4.7269 0.1311 0.1125 0.0003 1715.3 82.9 1771.9 45.9 1839.0 8.6 6.73 1.00
DZ08_50 0.3063 0.0080 4.7600 0.1252 0.1127 0.0003 1722.4 78.9 1777.8 43.7 1843.5 9.5 6.57 1.00
DZ08_51 0.3339 0.0072 5.2972 0.1154 0.1150 0.0003 1857.4 69.7 1868.3 36.9 1880.5 8.4 1.23 0.99
DZ08_52 0.3101 0.0129 4.8084 0.2006 0.1124 0.0002 1741.3 126.6 1786.3 69.0 1839.0 6.5 5.31 1.00
DZ08_53 0.2518 0.0359 4.1897 0.6029 0.1207 0.0023 1447.5 364.5 1671.9 223.2 1966.5 67.9 26.39 0.99
DZ08_54 0.3298 0.0072 5.3612 0.1183 0.1179 0.0003 1837.5 69.9 1878.6 37.4 1924.0 9.0 4.49 0.99
DZ08_55 0.4435 0.0208 11.1468 0.5238 0.1823 0.0004 2366.0 184.6 2535.3 85.7 2673.5 6.9 11.50 1.00
DZ08_56 0.3530 0.0033 6.2700 0.0601 0.1288 0.0003 1948.8 31.3 2014.2 16.7 2082.0 8.0 6.40 0.97
DZ08_57 0.0999 0.0091 1.7892 0.1654 0.1299 0.0019 613.7 106.5 1041.5 117.0 2096.5 50.9 70.73 0.99
DZ08_58 0.4897 0.0250 12.4629 0.6355 0.1846 0.0003 2569.4 214.2 2639.8 93.7 2694.0 4.8 4.63 1.00
DZ08_59 0.3949 0.0359 10.6493 0.9701 0.1956 0.0009 2145.5 327.9 2492.9 162.4 2789.5 14.4 23.08 1.00
DZ08_60 0.2437 0.0058 4.2025 0.1009 0.1251 0.0004 1405.7 59.9 1674.4 39.0 2029.5 12.4 30.73 0.99
DZ08_61 0.4598 0.0062 11.8952 0.1626 0.1876 0.0003 2438.6 55.0 2596.1 25.4 2721.5 5.1 10.40 0.99
DZ08_62 0.1797 0.0041 2.7558 0.0632 0.1112 0.0002 1065.5 44.8 1343.6 33.9 1819.0 7.8 41.42 1.00
DZ08_63 0.1936 0.0016 2.9786 0.0298 0.1116 0.0006 1140.5 17.6 1402.1 15.1 1825.5 19.3 37.52 0.85
DZ08_64 0.1071 0.0066 1.6094 0.1000 0.1090 0.0003 655.6 77.2 973.8 76.4 1783.0 10.1 64.00 1.00
DZ08_65 0.3677 0.0139 9.1643 0.3493 0.1807 0.0008 2018.7 130.6 2354.4 68.6 2659.5 14.6 24.10 0.99
DZ08_66 0.1771 0.0042 4.6355 0.1127 0.1898 0.0008 1051.3 46.3 1755.6 40.2 2740.0 14.5 61.63 0.98
DZ08_67 0.2433 0.0046 3.8129 0.0723 0.1137 0.0002 1403.8 47.4 1595.4 30.3 1858.5 7.6 24.47 0.99
DZ08_68 0.4763 0.0104 12.8697 0.2810 0.1960 0.0004 2511.2 90.1 2670.0 40.7 2792.5 6.7 10.07 1.00
DZ08_69 0.2898 0.0166 4.5114 0.2589 0.1129 0.0002 1640.5 165.1 1733.0 93.2 1846.5 6.0 11.15 1.00
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Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
DZ08_70 0.3025 0.0075 4.7668 0.1181 0.1143 0.0002 1703.7 73.7 1779.0 41.2 1868.5 7.3 8.82 1.00
DZ08_71 0.2435 0.0125 3.6973 0.1896 0.1101 0.0002 1405.0 128.7 1570.7 80.3 1801.0 6.1 21.99 1.00
DZ08_72 0.3425 0.0075 5.3252 0.1171 0.1128 0.0002 1898.8 72.0 1872.8 37.3 1844.0 5.5 -2.97 1.00
DZ08_73 0.1469 0.0101 2.1331 0.1481 0.1053 0.0010 883.5 113.0 1159.5 93.8 1719.5 34.8 48.62 0.99
DZ08_74 0.4638 0.0167 12.0154 0.4335 0.1879 0.0002 2456.4 146.4 2605.5 66.5 2723.5 4.2 9.81 1.00
DZ08_75 0.2151 0.0068 3.2506 0.1036 0.1096 0.0002 1255.8 72.5 1469.2 48.9 1792.5 5.8 29.94 1.00
DZ08_76 0.2928 0.0166 4.5263 0.2575 0.1121 0.0004 1655.7 164.7 1735.7 92.5 1833.5 13.0 9.70 1.00
DZ08_77 0.4858 0.0080 11.5036 0.1897 0.1718 0.0003 2552.2 69.0 2564.7 30.6 2574.5 5.2 0.86 1.00
DZ08_78 0.3484 0.0087 5.4086 0.1359 0.1126 0.0002 1926.9 83.2 1886.1 42.6 1841.5 6.2 -4.64 1.00
DZ08_79 0.2283 0.0058 3.5911 0.0911 0.1141 0.0002 1325.3 60.5 1547.5 39.9 1865.5 6.7 28.96 1.00
DZ08_80 0.5103 0.0052 12.6953 0.1349 0.1804 0.0005 2657.7 44.6 2657.2 19.9 2656.5 9.3 -0.05 0.96
DZ08B_1 0.4559 0.0090 11.1550 0.3966 0.1775 0.0052 2421.2 79.8 2536.0 65.2 2629.0 98.1 7.90 0.56
DZ08B_2 0.3095 0.0077 7.6638 0.2955 0.1796 0.0053 1738.0 75.5 2192.3 68.1 2649.0 97.8 34.39 0.65
DZ08B_3 0.2327 0.0038 3.6357 0.1246 0.1133 0.0034 1348.7 39.7 1557.3 53.9 1853.0 108.9 27.21 0.48
DZ08B_4 0.3201 0.0045 4.8641 0.1598 0.1102 0.0033 1790.1 44.3 1796.0 54.6 1802.5 107.7 0.69 0.43
DZ08B_5 0.2812 0.0055 4.2115 0.1491 0.1086 0.0032 1597.4 55.2 1676.2 57.3 1776.0 107.7 10.05 0.55
DZ08B_6 0.3017 0.0054 4.5500 0.1572 0.1094 0.0032 1699.8 52.9 1740.1 56.7 1788.5 108.0 4.96 0.51
DZ08B_7 0.3376 0.0059 5.2707 0.1810 0.1132 0.0033 1875.2 57.1 1864.0 57.8 1851.5 106.7 -1.28 0.51
DZ08B_8 0.4014 0.0075 10.0693 0.3513 0.1820 0.0054 2175.2 68.5 2441.0 63.4 2670.5 97.7 18.55 0.53
DZ08B_9 0.3953 0.0303 11.3018 0.9292 0.2073 0.0061 2147.4 277.1 2548.2 147.9 2884.5 96.0 25.55 0.93
DZ08B_10 0.4956 0.0154 12.9464 0.5558 0.1894 0.0056 2595.0 132.5 2675.6 79.4 2737.0 97.1 5.19 0.73
DZ08B_11 0.2951 0.0054 4.4909 0.1559 0.1104 0.0033 1667.0 53.6 1729.2 56.8 1805.0 107.3 7.65 0.53
DZ08B_12 0.2871 0.0042 4.4291 0.1486 0.1119 0.0034 1627.1 42.1 1717.7 54.8 1830.0 109.3 11.09 0.44
DZ08B_13 0.3144 0.0098 7.6765 0.3294 0.1771 0.0052 1762.5 95.3 2193.7 75.7 2625.5 98.5 32.87 0.72
DZ08B_14 0.2833 0.0052 4.0788 0.1414 0.1044 0.0031 1607.7 51.8 1650.0 55.8 1704.0 108.5 5.65 0.53
DZ08B_15 0.4560 0.0065 12.0646 0.3951 0.1919 0.0057 2421.9 57.1 2609.3 60.5 2758.0 97.0 12.19 0.43
DZ08B_16 0.4638 0.0240 12.1064 0.7224 0.1893 0.0056 2456.1 210.0 2612.5 109.0 2736.0 97.2 10.23 0.87
DZ08B_17 0.4197 0.0061 10.1994 0.3364 0.1762 0.0052 2259.2 55.4 2452.9 60.1 2617.5 98.5 13.69 0.44
DZ08B_18 0.2968 0.0058 7.3164 0.2589 0.1788 0.0053 1675.2 57.1 2150.7 62.2 2641.5 98.2 36.58 0.55
DZ08B_19 0.3867 0.0068 9.6117 0.3298 0.1803 0.0053 2107.5 62.7 2398.2 62.1 2655.0 97.9 20.62 0.51
DZ08B_20 0.2295 0.0038 3.4394 0.1163 0.1087 0.0032 1331.9 39.5 1513.4 52.5 1777.0 107.8 25.05 0.49
DZ08B_21 0.0446 0.0042 0.5115 0.0532 0.0832 0.0037 281.3 51.6 419.4 70.3 1273.5 174.1 77.91 0.90
DZ08B_22 0.2896 0.0053 4.4202 0.1546 0.1107 0.0033 1639.6 53.3 1716.1 57.1 1810.5 108.0 9.44 0.53
DZ08B_23 0.2892 0.0056 4.5721 0.1612 0.1146 0.0034 1637.7 55.6 1744.1 57.9 1874.0 106.4 12.61 0.55
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name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
DZ08B_24 0.4507 0.0065 11.3811 0.3737 0.1832 0.0054 2398.2 57.7 2554.8 60.4 2681.5 97.6 10.56 0.44
DZ08B_25 0.2787 0.0046 4.4824 0.1528 0.1166 0.0035 1585.0 46.3 1727.6 55.8 1905.0 107.2 16.80 0.48
DZ08B_26 0.3072 0.0075 5.2207 0.2002 0.1232 0.0036 1726.9 74.1 1855.9 64.3 2003.5 104.6 13.80 0.64
DZ08B_27 0.2764 0.0170 6.8139 0.4647 0.1788 0.0053 1573.4 170.5 2087.4 117.3 2641.0 97.9 40.43 0.90
DZ08B_28 0.2673 0.0039 4.0166 0.1326 0.1090 0.0032 1527.1 40.0 1637.5 53.0 1782.0 107.7 14.30 0.45
DZ08B_29 0.3039 0.0075 4.4511 0.1712 0.1062 0.0031 1710.7 74.1 1721.8 62.8 1735.5 108.0 1.43 0.64
DZ08B_30 0.3088 0.0053 5.0201 0.1714 0.1179 0.0035 1734.9 52.3 1822.6 57.0 1924.5 105.6 9.85 0.51
DZ08B_31 0.2999 0.0062 7.4713 0.2687 0.1807 0.0053 1690.7 60.9 2169.4 63.4 2659.0 97.8 36.42 0.57
DZ08B_32 0.3985 0.0067 9.0759 0.3084 0.1652 0.0049 2162.1 61.5 2345.6 61.2 2509.0 99.4 13.83 0.49
DZ08B_33 0.2832 0.0053 4.1352 0.1445 0.1059 0.0031 1607.3 52.9 1661.2 56.4 1730.0 108.5 7.09 0.53
DZ08B_34 0.3006 0.0048 4.4881 0.1501 0.1083 0.0032 1694.1 47.0 1728.7 54.8 1770.5 107.6 4.31 0.47
DZ08B_35 0.2615 0.0134 4.4618 0.2639 0.1237 0.0036 1497.5 136.3 1723.8 95.8 2010.5 104.6 25.52 0.87
DZ08B_36 0.2579 0.0115 3.8445 0.2055 0.1081 0.0032 1479.3 117.1 1602.0 84.4 1767.5 108.0 16.31 0.83
DZ08B_37 0.4282 0.0139 10.8269 0.4740 0.1834 0.0054 2297.5 124.5 2508.3 79.8 2683.5 97.4 14.38 0.74
DZ08B_38 0.2653 0.0037 3.9439 0.1285 0.1078 0.0032 1516.8 37.3 1622.7 52.1 1762.5 107.9 13.94 0.42
DZ08B_39 0.3132 0.0049 5.3504 0.1786 0.1239 0.0037 1756.5 48.0 1876.9 56.3 2012.5 104.6 12.72 0.47
DZ08B_40 0.3929 0.0069 9.6851 0.3329 0.1788 0.0053 2136.2 64.0 2405.2 62.3 2641.5 97.9 19.13 0.51
DZ08B_41 0.4618 0.0078 11.3647 0.3859 0.1785 0.0053 2447.6 68.3 2553.4 62.4 2638.5 98.0 7.24 0.50
DZ08B_42 0.3426 0.0101 7.3646 0.3093 0.1559 0.0047 1899.0 96.4 2156.6 73.7 2411.5 101.8 21.25 0.70
DZ08B_43 0.2999 0.0053 4.5339 0.1561 0.1096 0.0032 1690.8 52.8 1737.1 56.5 1793.0 107.3 5.70 0.52
DZ08B_44 0.3272 0.0055 5.6405 0.1917 0.1250 0.0037 1824.9 53.5 1922.2 57.8 2028.5 104.5 10.04 0.50
DZ08B_45 0.2457 0.0169 5.9694 0.4473 0.1762 0.0052 1416.4 173.8 1971.3 126.3 2617.0 98.5 45.88 0.92
DZ08B_46 0.2807 0.0057 4.1566 0.1492 0.1074 0.0032 1594.9 57.6 1665.4 57.9 1755.5 108.0 9.15 0.57
DZ08B_47 0.2935 0.0054 4.4608 0.1550 0.1102 0.0033 1659.0 53.5 1723.6 56.8 1803.0 107.4 7.98 0.53
DZ08B_48 0.2167 0.0093 3.0398 0.1579 0.1017 0.0030 1264.4 97.8 1417.6 77.8 1656.0 109.2 23.65 0.82
DZ08B_49 0.4360 0.0068 10.3578 0.3461 0.1723 0.0051 2332.8 61.2 2467.2 60.9 2579.5 98.6 9.56 0.47
DZ08B_50 0.3088 0.0047 4.8225 0.1604 0.1133 0.0034 1734.6 46.1 1788.7 55.2 1852.5 106.9 6.36 0.46
DZ08B_51 0.4680 0.0078 11.4901 0.3897 0.1781 0.0053 2474.8 68.6 2563.6 62.4 2634.5 98.0 6.06 0.49
DZ08B_52 0.3964 0.0061 11.8137 0.3931 0.2161 0.0064 2152.5 56.4 2589.6 61.4 2952.0 95.1 27.08 0.46
DZ08B_53 0.1765 0.0128 2.5570 0.2010 0.1051 0.0031 1047.6 139.8 1288.4 111.6 1715.5 110.0 38.93 0.92
DZ08B_54 0.4359 0.0074 10.7567 0.3660 0.1790 0.0053 2332.1 66.1 2502.2 62.2 2643.0 97.9 11.76 0.50
DZ08B_55 0.4574 0.0066 11.4688 0.3783 0.1818 0.0054 2428.1 58.7 2561.9 60.7 2669.5 98.0 9.04 0.44
DZ08B_56 0.2708 0.0114 4.0169 0.2064 0.1076 0.0032 1544.8 114.9 1637.5 81.9 1758.5 108.1 12.15 0.82
DZ08B_57 0.1906 0.0148 2.8230 0.2349 0.1074 0.0032 1124.4 159.4 1361.6 121.1 1756.0 108.3 35.97 0.93
DZ08B_58 0.4438 0.0115 12.0307 0.4718 0.1966 0.0058 2367.8 102.0 2606.7 72.2 2798.0 96.5 15.38 0.66
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DZ08B_59 0.1426 0.0085 3.2563 0.2173 0.1656 0.0049 859.5 95.7 1470.6 101.1 2513.5 100.1 65.81 0.89
DZ08B_60 0.1975 0.0103 3.3038 0.1980 0.1213 0.0036 1161.9 110.4 1481.9 91.3 1975.5 105.1 41.18 0.87
DZ08B_61 0.2876 0.0043 4.2992 0.1422 0.1084 0.0032 1629.2 42.8 1693.1 53.8 1773.0 107.8 8.11 0.45
DZ08B_62 0.3133 0.0252 7.5106 0.6447 0.1739 0.0051 1756.7 245.3 2174.1 148.3 2595.0 98.8 32.30 0.94
DZ08B_63 0.3429 0.0055 8.3344 0.2811 0.1763 0.0052 1900.7 52.7 2268.0 60.3 2618.0 98.7 27.40 0.48
DZ08B_64 0.3710 0.0120 8.6938 0.3810 0.1699 0.0050 2034.2 112.6 2306.3 78.3 2557.0 98.6 20.44 0.74
DZ08B_65 0.2116 0.0134 3.0794 0.2153 0.1055 0.0031 1237.5 141.9 1427.5 104.5 1723.5 108.5 28.20 0.91
DZ08B_66 0.4179 0.0092 10.4068 0.3833 0.1806 0.0053 2250.8 83.5 2471.5 67.1 2658.5 97.7 15.34 0.60
DZ08B_67 0.4971 0.0143 12.1736 0.5010 0.1776 0.0052 2601.2 122.3 2617.7 75.8 2630.5 97.9 1.11 0.70
DZ08B_68 0.4628 0.0165 11.1224 0.5148 0.1743 0.0051 2451.8 144.4 2533.3 84.5 2599.0 98.5 5.66 0.77
DZ08B_69 0.1946 0.0217 2.8240 0.3268 0.1053 0.0032 1146.2 232.2 1361.9 166.5 1718.5 112.0 33.30 0.96
DZ08B_70 0.3022 0.0187 4.3880 0.3012 0.1053 0.0031 1702.4 183.7 1710.0 110.5 1719.0 109.3 0.97 0.90
DZ08B_71 0.1731 0.0088 2.5935 0.1525 0.1087 0.0032 1029.1 96.0 1298.7 84.4 1777.0 108.7 42.09 0.86
DZ08B_72 0.3596 0.0088 6.8332 0.2613 0.1378 0.0041 1980.1 82.8 2089.9 66.6 2200.0 102.3 10.00 0.64
DZ08B_73 0.3772 0.0077 9.4816 0.3477 0.1823 0.0055 2063.0 72.0 2385.6 66.3 2674.0 100.7 22.85 0.56
DZ08B_74 0.3673 0.0057 9.0657 0.3023 0.1790 0.0053 2016.8 53.6 2344.5 60.1 2643.5 97.9 23.71 0.47
DZ08B_75 0.2485 0.0051 3.6689 0.1316 0.1071 0.0032 1430.6 52.3 1564.5 56.4 1750.0 107.9 18.25 0.57
DZ08B_76 0.3784 0.0085 5.6351 0.2092 0.1080 0.0032 2068.9 79.2 1921.4 63.0 1765.5 108.0 -17.18 0.61
DZ08B_77 0.4316 0.0111 11.4369 0.4493 0.1922 0.0057 2312.9 99.6 2559.3 72.1 2760.5 97.5 16.21 0.65
DZ08B_78 0.2936 0.0104 5.2954 0.2440 0.1308 0.0039 1659.3 103.2 1868.0 77.2 2108.5 103.4 21.30 0.77
DZ08B_79 0.2692 0.0042 4.0223 0.1350 0.1084 0.0032 1536.5 42.8 1638.6 53.9 1772.0 108.3 13.29 0.47
DZ08B_80 9.9179 0.3457 0.1794 0.0053 2173.6 68.4 2427.0 63.3 2647.0 97.8 17.88 0.53
Qtz4
DZ40_1 0.0749 0.0050 0.7381 0.0493 0.7381 0.0493 465.8 59.7 561.3 56.8 969.5 20.3 51.95 1.00
DZ40_2 0.1083 0.0076 2.8135 0.1977 2.8135 0.1977 662.7 87.6 1359.1 102.6 2728.5 26.4 75.71 0.99
DZ40_3 0.0471 0.0020 0.4950 0.0212 0.4950 0.0212 297.0 24.0 408.3 28.6 1098.5 44.4 72.97 0.97
DZ40_4 0.1942 0.0018 2.1547 0.0209 2.1547 0.0209 1144.0 19.6 1166.5 13.4 1208.5 9.9 5.33 0.97
DZ40_5 0.2431 0.0047 3.5760 0.0693 3.5760 0.0693 1402.7 48.6 1544.1 30.5 1743.5 6.3 19.55 1.00
DZ40_6 0.2410 0.0020 3.0114 0.0263 3.0114 0.0263 1391.8 21.0 1410.4 13.3 1438.5 9.4 3.25 0.96
DZ40_7 0.1207 0.0057 1.4004 0.0662 1.4004 0.0662 734.6 65.1 889.1 55.3 1296.0 20.8 43.32 0.99
DZ40_8 0.2650 0.0043 3.9136 0.0642 3.9136 0.0642 1515.1 44.0 1616.4 26.4 1751.0 5.8 13.47 1.00
DZ40_9 0.0797 0.0039 1.0737 0.0533 1.0737 0.0533 494.1 46.3 740.5 51.5 1581.5 34.5 68.76 0.98
DZ40_10 0.1644 0.0018 1.7023 0.0190 1.7023 0.0190 981.3 19.9 1009.3 14.2 1070.5 8.9 8.34 0.98
11N 659203 4891349
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APPENDIX	F:	Cont.	
Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
DZ40_11 0.1447 0.0045 1.4911 0.0459 1.4911 0.0459 871.4 50.1 926.7 37.1 1060.5 6.5 17.83 1.00
DZ40_12 0.1729 0.0023 1.8086 0.0246 1.8086 0.0246 1027.8 25.5 1048.5 17.7 1091.5 9.2 5.83 0.99
DZ40_13 0.2293 0.0023 2.8400 0.0287 2.8400 0.0287 1331.0 24.0 1366.1 15.1 1421.5 6.0 6.37 0.99
DZ40_14 0.1736 0.0044 2.0965 0.0531 2.0965 0.0531 1031.7 47.8 1147.6 34.5 1373.5 12.4 24.89 0.99
DZ40_15 0.1657 0.0135 2.3441 0.1911 2.3441 0.1911 988.3 148.3 1225.7 112.8 1671.5 15.4 40.88 1.00
DZ40_16 0.1327 0.0034 1.4203 0.0363 1.4203 0.0363 803.2 38.1 897.4 30.2 1137.0 16.0 29.36 0.99
DZ40_17 0.2100 0.0025 2.5250 0.0303 2.5250 0.0303 1228.8 26.5 1279.2 17.4 1364.5 7.1 9.95 0.99
DZ40_18 0.2628 0.0029 3.7507 0.0413 3.7507 0.0413 1504.3 29.3 1582.2 17.6 1687.5 5.2 10.86 0.99
DZ40_19 0.1578 0.0030 1.6736 0.0317 1.6736 0.0317 944.6 33.0 998.5 23.9 1119.0 8.3 15.59 0.99
DZ40_20 0.2563 0.0032 3.1723 0.0403 3.1723 0.0403 1470.7 32.9 1450.4 19.5 1420.5 8.2 -3.53 0.99
DZ40_21 0.1806 0.0032 2.2035 0.0391 2.2035 0.0391 1070.2 34.7 1182.1 24.6 1393.0 7.3 23.18 0.99
DZ40_22 0.1615 0.0023 1.6769 0.0238 1.6769 0.0238 965.3 25.2 999.8 18.0 1076.0 8.1 10.28 0.99
DZ40_23 0.1612 0.0020 1.7078 0.0217 1.7078 0.0217 963.7 21.7 1011.4 16.2 1116.0 14.9 13.65 0.96
DZ40_24 0.1659 0.0019 1.7143 0.0196 1.7143 0.0196 989.3 20.6 1013.9 14.6 1067.0 8.9 7.28 0.98
DZ40_25 0.2870 0.0040 4.2626 0.0599 4.2626 0.0599 1626.6 40.0 1686.1 23.0 1760.5 6.7 7.60 0.99
DZ40_26 0.2710 0.0026 3.8452 0.0370 3.8452 0.0370 1545.6 26.0 1602.2 15.5 1677.5 6.2 7.86 0.98
DZ40_27 0.1564 0.0018 1.6280 0.0186 1.6280 0.0186 936.9 19.5 981.0 14.3 1081.0 8.9 13.33 0.98
DZ40_28 0.1468 0.0038 1.5210 0.0399 1.5210 0.0399 882.8 43.1 938.8 31.9 1072.5 7.7 17.69 1.00
DZ40_29 0.2026 0.0021 2.5045 0.0270 2.5045 0.0270 1189.3 23.0 1273.3 15.6 1418.0 7.9 16.13 0.98
DZ40_30 0.1528 0.0031 1.6291 0.0339 1.6291 0.0339 916.7 34.6 981.5 26.1 1129.0 18.9 18.80 0.97
DZ40_31 0.1707 0.0023 1.7768 0.0243 1.7768 0.0243 1016.0 25.4 1037.0 17.7 1081.5 7.3 6.06 0.99
DZ40_32 0.1638 0.0024 1.7074 0.0255 1.7074 0.0255 977.7 26.8 1011.3 19.1 1084.5 9.3 9.85 0.99
DZ40_33 0.1727 0.0023 1.8074 0.0245 1.8074 0.0245 1026.8 25.5 1048.1 17.6 1092.5 7.3 6.02 0.99
DZ40_34 0.0795 0.0010 0.6323 0.0080 0.6323 0.0080 493.3 11.9 497.5 10.0 517.0 7.9 4.59 0.99
DZ40_35 0.1833 0.0018 1.9480 0.0196 1.9480 0.0196 1085.1 19.8 1097.7 13.5 1122.5 6.4 3.34 0.99
DZ40_36 0.1001 0.0041 1.0199 0.0416 1.0199 0.0416 614.8 47.6 713.8 41.4 1039.0 13.2 40.82 1.00
DZ40_37 0.0908 0.0020 1.4048 0.0446 1.4048 0.0446 560.1 24.1 890.9 37.3 1836.0 81.4 69.50 0.71
DZ40_38 0.1664 0.0023 1.7265 0.0240 1.7265 0.0240 992.1 25.3 1018.4 17.8 1075.5 7.3 7.76 0.99
DZ40_39 0.1384 0.0157 1.5650 0.1779 1.5650 0.1779 835.7 176.6 956.4 136.2 1245.0 28.0 32.87 1.00
DZ40_40 0.2181 0.0057 3.1610 0.0832 3.1610 0.0832 1271.9 60.0 1447.6 40.2 1716.0 14.1 25.88 0.99
DZ40_41 0.1906 0.0058 2.6995 0.0822 2.6995 0.0822 1124.5 62.4 1328.3 44.6 1674.0 10.7 32.83 1.00
DZ40_42 0.1908 0.0105 2.0023 0.1104 2.0023 0.1104 1125.5 113.1 1116.2 73.3 1098.0 15.0 -2.51 1.00
DZ40_43 0.1621 0.0100 4.4678 0.2771 4.4678 0.2771 968.6 110.3 1724.9 100.4 2825.0 23.2 65.71 0.99
DZ40_44 0.1958 0.0034 2.3702 0.0433 2.3702 0.0433 1152.9 36.4 1233.6 25.9 1377.5 22.9 16.31 0.95
DZ40_45 0.2925 0.0046 4.2999 0.0688 4.2999 0.0688 1654.2 45.5 1693.3 26.2 1742.0 13.0 5.04 0.98
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APPENDIX	F:	Cont.		
Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
DZ40_46 0.1375 0.0026 1.4250 0.0275 1.4250 0.0275 830.4 29.6 899.4 22.9 1073.0 12.9 22.61 0.99
DZ40_47 0.1725 0.0026 1.8065 0.0275 1.8065 0.0275 1026.1 28.4 1047.8 19.8 1093.0 9.7 6.12 0.99
DZ40_48 0.1536 0.0028 1.6165 0.0298 1.6165 0.0298 921.2 31.4 976.6 23.0 1103.0 10.0 16.48 0.99
Qtz4
DZ02_1 0.1647 0.0173 2.3192 0.2440 0.1022 0.0009 982.6 189.7 1218.1 144.1 1663.5 31.3 40.93 1.00
DZ02_2 0.0964 0.0073 1.4469 0.1138 0.1089 0.0022 593.1 85.8 908.5 92.3 1780.5 74.0 66.69 0.97
DZ02_3 0.0962 0.0048 1.3235 0.0666 0.0998 0.0004 591.8 56.7 856.0 57.4 1620.5 13.2 63.48 1.00
DZ02_4 0.2588 0.0062 3.2800 0.0786 0.0919 0.0002 1483.7 63.0 1476.2 37.0 1465.5 9.5 -1.24 0.99
DZ02_5 0.2024 0.0090 3.1763 0.1427 0.1138 0.0007 1188.0 96.3 1451.3 68.2 1861.5 20.8 36.18 0.99
DZ02_6 0.1755 0.0030 1.8746 0.0325 0.0775 0.0003 1042.2 32.7 1072.1 22.8 1133.0 13.3 8.01 0.98
DZ02_7 0.2055 0.0037 2.5737 0.0468 0.0908 0.0003 1204.8 39.3 1293.1 26.4 1443.0 11.8 16.51 0.99
DZ02_8 0.2496 0.0038 3.7507 0.0584 0.1090 0.0002 1436.1 39.6 1582.2 24.8 1782.5 8.1 19.43 0.99
DZ02_9 0.2191 0.0036 2.5188 0.0424 0.0834 0.0003 1277.2 38.2 1277.4 24.4 1277.5 13.5 0.02 0.98
DZ02_10 0.2034 0.0118 2.9980 0.1739 0.1069 0.0005 1193.4 125.4 1407.1 86.5 1747.0 16.4 31.69 1.00
DZ02_11 0.2942 0.0102 4.2267 0.1467 0.1042 0.0002 1662.3 101.2 1679.1 56.2 1700.0 5.8 2.22 1.00
DZ02_12 0.1245 0.0077 1.7440 0.1089 0.1016 0.0005 756.2 88.5 1024.9 79.0 1654.0 18.6 54.28 1.00
DZ02_13 0.3278 0.0074 5.1029 0.1146 0.1129 0.0001 1827.5 71.2 1836.5 37.8 1846.5 4.8 1.03 1.00
DZ02_14 0.2398 0.0052 2.9667 0.0652 0.0897 0.0002 1385.6 54.5 1399.0 33.1 1419.5 7.2 2.39 1.00
DZ02_15 0.2579 0.0090 3.2507 0.1132 0.0914 0.0002 1478.9 91.6 1469.3 53.4 1455.0 6.3 -1.64 1.00
DZ02_16 0.2274 0.0030 2.8795 0.0523 0.0918 0.0012 1320.7 31.2 1376.5 27.2 1464.0 47.9 9.79 0.72
DZ02_17 0.2493 0.0035 3.1040 0.0443 0.0903 0.0002 1435.0 36.2 1433.6 21.8 1431.5 9.3 -0.25 0.99
DZ02_18 0.0961 0.0186 1.0314 0.2066 0.0779 0.0041 591.4 216.5 719.6 196.7 1143.0 209.3 48.26 0.96
DZ02_19 0.2493 0.0045 3.1355 0.0574 0.0912 0.0001 1434.7 46.8 1441.4 28.0 1451.0 5.9 1.12 1.00
DZ02_20 0.3164 0.0039 4.5850 0.0576 0.1051 0.0002 1772.1 38.4 1746.4 20.8 1716.0 7.1 -3.27 0.99
DZ02_21 0.2375 0.0052 3.5081 0.0777 0.1071 0.0002 1373.7 54.5 1529.0 34.7 1751.0 6.6 21.55 1.00
DZ02_22 0.2875 0.0084 4.2909 0.1256 0.1082 0.0003 1629.1 83.7 1691.5 47.6 1769.5 8.5 7.93 1.00
DZ02_23 0.1811 0.0050 3.7903 0.1096 0.1517 0.0014 1073.2 54.2 1590.6 45.9 2365.5 30.8 54.63 0.95
DZ02_24 0.4325 0.0042 9.3843 0.1228 0.1574 0.0014 2316.9 38.0 2376.2 23.9 2427.5 29.5 4.56 0.75
DZ02_25 0.2141 0.0034 2.5836 0.0407 0.0875 0.0001 1250.4 35.7 1295.9 23.0 1372.0 5.2 8.87 1.00
DZ02_26 0.1321 0.0033 1.5901 0.0405 0.0873 0.0002 800.0 38.0 966.3 31.5 1366.5 11.0 41.46 0.99
DZ02_27 0.2795 0.0041 3.8794 0.0570 0.1006 0.0002 1589.0 41.1 1609.3 23.6 1636.0 6.0 2.87 0.99
DZ02_28 0.3478 0.0135 8.9533 0.3483 0.1867 0.0003 1924.0 128.7 2333.1 69.9 2713.0 4.5 29.08 1.00
DZ02_29 0.1418 0.0050 1.6185 0.0585 0.0828 0.0006 855.0 56.6 977.4 44.9 1263.5 27.9 32.33 0.98
Apparent Ages (Ma)
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APPENDIX	F:	Cont.		
Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
DZ02_30 0.1841 0.0037 1.9379 0.0395 0.0763 0.0002 1089.5 40.6 1094.2 27.1 1103.5 8.7 1.27 0.99
DZ02_31 0.3482 0.0102 5.7074 0.1672 0.1189 0.0002 1925.7 96.9 1932.4 50.0 1939.5 7.4 0.71 1.00
DZ02_32 0.2934 0.0084 4.4823 0.1293 0.1108 0.0004 1658.3 83.5 1727.6 47.3 1812.5 12.3 8.51 0.99
DZ02_33 0.1518 0.0082 2.2896 0.1234 0.1094 0.0003 910.8 91.1 1209.0 74.8 1789.5 10.8 49.10 1.00
DZ02_34 0.2736 0.0041 4.0631 0.0608 0.1077 0.0002 1559.2 41.0 1646.9 24.2 1760.5 7.2 11.43 0.99
DZ02_35 0.1871 0.0094 1.9466 0.0980 0.0755 0.0003 1105.6 101.5 1097.2 66.4 1080.5 15.9 -2.32 1.00
DZ02_36 0.2839 0.0053 4.2137 0.0783 0.1077 0.0001 1610.8 52.7 1676.6 30.3 1760.0 5.0 8.47 1.00
DZ02_37 0.0374 0.0082 0.2985 0.0664 0.0579 0.0020 236.8 101.7 265.2 101.3 524.0 151.4 54.81 0.99
DZ02_38 0.1789 0.0045 1.9049 0.0477 0.0772 0.0002 1061.2 48.7 1082.8 33.1 1126.5 8.6 5.80 1.00
DZ02_39 0.0143 0.0003 0.0962 0.0019 0.0489 0.0003 91.3 3.3 93.3 3.5 143.5 29.4 36.37 0.95
DZ02_40 0.2635 0.0147 3.8662 0.2169 0.1064 0.0006 1507.5 149.3 1606.6 88.5 1739.0 19.0 13.31 1.00
DZ02_41 0.0670 0.0060 1.7896 0.2100 0.1938 0.0147 417.8 72.1 1041.6 147.4 2774.5 249.0 84.94 0.76
DZ02_42 0.2466 0.0028 3.6574 0.0414 0.1076 0.0001 1420.7 28.6 1562.1 18.0 1758.5 4.7 19.21 0.99
DZ02_43 0.0973 0.0212 1.0677 0.2431 0.0796 0.0052 598.3 246.8 737.6 225.7 1187.5 255.5 49.62 0.96
DZ02_44 0.1222 0.0212 1.3104 0.2380 0.0778 0.0041 742.9 241.4 850.3 199.1 1141.5 209.5 34.92 0.96
DZ02_45 0.1194 0.0021 1.0560 0.0189 0.0641 0.0003 727.2 23.9 731.8 18.6 745.5 17.6 2.45 0.97
DZ02_46 0.1702 0.0133 2.5186 0.1989 0.1073 0.0012 1013.3 145.8 1277.4 111.6 1754.0 39.5 42.23 0.99
DZ02_47 0.1963 0.0048 2.0702 0.0506 0.0765 0.0002 1155.2 51.2 1138.9 33.2 1108.0 12.4 -4.26 0.99
DZ02_48 0.3778 0.0081 9.1693 0.1971 0.1760 0.0002 2066.1 75.7 2354.9 39.0 2615.5 3.8 21.01 1.00
DZ02_49 0.3666 0.0149 8.8655 0.3592 0.1754 0.0002 2013.2 139.3 2324.1 72.6 2609.5 3.1 22.85 1.00
DZ02_50 0.1577 0.0025 2.3707 0.0373 0.1090 0.0002 944.1 27.3 1233.8 22.3 1783.0 8.1 47.05 0.99
DZ02_51 0.1625 0.0039 2.0694 0.1610 0.0924 0.0068 970.4 43.4 1138.7 103.8 1475.0 280.6 34.21 0.31
DZ02_52 0.2195 0.0076 3.3407 0.1180 0.1104 0.0007 1279.0 80.2 1490.5 54.5 1806.0 24.0 29.18 0.98
DZ02_53 0.1814 0.0047 2.4919 0.0654 0.0996 0.0003 1074.5 51.4 1269.6 37.7 1617.0 12.4 33.55 0.99
DZ02_54 0.2304 0.0089 2.7666 0.1075 0.0871 0.0002 1336.3 93.2 1346.5 57.1 1362.5 10.6 1.92 1.00
DZ02_55 0.2910 0.0090 4.4856 0.1393 0.1118 0.0001 1646.6 89.9 1728.2 50.9 1828.5 3.7 9.95 1.00
DZ02_56 0.2529 0.0117 3.2388 0.1520 0.0929 0.0007 1453.2 119.8 1466.4 71.5 1485.5 30.1 2.18 0.99
DZ02_57 0.0209 0.0005 0.1729 0.0051 0.0601 0.0012 133.1 5.9 161.9 8.8 607.0 83.3 78.07 0.76
DZ02B_1 0.1763 0.0038 1.8558 0.0410 0.0764 0.0004 1046.5 41.2 1065.4 28.9 1104.5 22.8 5.25 0.97
DZ02B_2 0.0851 0.0016 0.6926 0.0135 0.0590 0.0004 526.4 18.8 534.3 16.2 568.0 26.1 7.32 0.95
DZ02B_3 0.1810 0.0035 1.9627 0.0394 0.0786 0.0005 1072.3 37.9 1102.8 26.8 1163.0 23.2 7.79 0.96
DZ02B_4 0.2968 0.0090 4.4234 0.1358 0.1081 0.0006 1675.2 88.8 1716.6 50.2 1767.5 20.5 5.22 0.98
DZ02B_5 0.3198 0.0036 4.8174 0.0605 0.1092 0.0006 1788.8 35.0 1787.9 21.0 1786.5 20.5 -0.13 0.89
DZ02B_6 0.2891 0.0034 4.3317 0.0566 0.1087 0.0006 1637.1 33.8 1699.3 21.4 1777.0 21.2 7.87 0.90
Apparent Ages (Ma)
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APPENDIX	F:	Cont.		
Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
DZ02B_7 0.2197 0.0122 6.3700 0.3567 0.2103 0.0013 1280.3 128.6 2028.0 96.0 2907.5 19.6 55.97 0.99
DZ02B_8 0.2166 0.0047 2.5942 0.0583 0.0869 0.0005 1263.9 49.7 1298.9 32.7 1357.0 22.6 6.86 0.97
DZ02B_9 0.1213 0.0021 1.2846 0.0233 0.0768 0.0005 738.0 23.8 838.8 20.6 1116.0 24.3 33.87 0.94
DZ02B_10 0.3042 0.0096 7.9294 0.2537 0.1891 0.0011 1712.0 94.2 2222.9 56.9 2734.0 19.5 37.38 0.98
DZ02B_11 0.1754 0.0030 1.8404 0.0335 0.0761 0.0004 1041.8 33.2 1060.0 23.8 1097.5 23.0 5.08 0.95
DZ02B_12 0.2086 0.0041 2.5570 0.0524 0.0889 0.0005 1221.4 43.6 1288.4 29.7 1401.5 22.3 12.85 0.96
DZ02B_13 0.1741 0.0039 1.8672 0.0434 0.0778 0.0005 1034.5 42.8 1069.5 30.5 1141.5 23.8 9.37 0.97
DZ02B_14 0.2438 0.0029 3.0667 0.0403 0.0912 0.0005 1406.3 29.7 1424.3 20.0 1451.5 22.1 3.12 0.90
DZ02B_15 0.2013 0.0053 2.4703 0.0663 0.0890 0.0005 1182.5 56.5 1263.3 38.4 1403.5 21.8 15.75 0.98
DZ02B_16 0.2906 0.0082 4.4631 0.1286 0.1114 0.0006 1644.6 81.7 1724.1 47.2 1822.0 20.8 9.74 0.98
DZ02B_17 0.2215 0.0059 2.7604 0.0751 0.0904 0.0005 1290.0 62.1 1344.8 40.2 1433.0 21.7 9.98 0.98
DZ02B_18 0.2843 0.0077 4.4168 0.1230 0.1127 0.0006 1612.7 77.5 1715.4 45.6 1843.0 20.5 12.49 0.98
DZ02B_19 0.2733 0.0079 4.0815 0.1201 0.1083 0.0006 1557.5 79.6 1650.5 47.4 1771.0 20.7 12.06 0.98
DZ02B_20 0.3085 0.0072 4.6217 0.1107 0.1086 0.0006 1733.5 70.5 1753.1 39.6 1776.5 20.9 2.42 0.97
DZ02B_21 0.1740 0.0044 2.4786 0.0642 0.1033 0.0007 1034.1 47.7 1265.7 37.2 1684.0 24.9 38.59 0.97
DZ02B_22 0.1799 0.0036 1.9396 0.0406 0.0782 0.0005 1066.2 39.5 1094.8 27.9 1152.0 22.9 7.44 0.96
DZ02B_23 0.2972 0.0060 4.4542 0.0932 0.1087 0.0006 1677.2 59.3 1722.4 34.4 1777.5 21.0 5.64 0.96
DZ02B_24 0.4933 0.0070 12.6679 0.1942 0.1862 0.0011 2584.9 60.4 2655.1 28.7 2709.0 18.9 4.58 0.93
DZ02B_25 0.2206 0.0060 3.2510 0.0909 0.1069 0.0006 1285.2 63.7 1469.3 43.0 1746.5 20.8 26.42 0.98
DZ02B_26 0.1676 0.0033 1.7687 0.0364 0.0765 0.0004 998.8 36.5 1034.0 26.5 1109.0 22.8 9.94 0.96
DZ02B_27 0.3026 0.0091 4.4620 0.1367 0.1070 0.0006 1704.0 89.9 1723.8 50.2 1748.0 20.6 2.52 0.98
DZ02B_28 0.1903 0.0038 2.3752 0.0515 0.0905 0.0008 1123.1 40.9 1235.1 30.8 1436.0 33.3 21.79 0.92
DZ02B_29 0.2618 0.0129 3.9247 0.1940 0.1087 0.0006 1499.1 130.7 1618.7 78.5 1778.0 20.6 15.69 0.99
DZ02B_30 0.2527 0.0097 3.7184 0.1441 0.1067 0.0006 1452.6 99.2 1575.3 61.1 1743.5 22.2 16.69 0.99
DZ02B_31 0.1895 0.0146 2.6472 0.2062 0.1013 0.0010 1118.5 157.8 1313.8 111.7 1648.5 35.2 32.15 0.99
DZ02B_32 0.0973 0.0067 0.9477 0.0663 0.0707 0.0008 598.5 78.7 676.9 67.9 947.0 45.2 36.80 0.99
DZ02B_33 0.2249 0.0041 2.8023 0.0539 0.0904 0.0005 1307.5 43.3 1356.1 28.6 1433.5 22.2 8.79 0.95
DZ02B_34 0.3275 0.0111 6.9224 0.2389 0.1533 0.0010 1826.2 107.2 2101.4 60.3 2383.0 22.7 23.36 0.98
DZ02B_35 0.1676 0.0049 1.8111 0.0546 0.0784 0.0005 998.9 54.5 1049.4 39.0 1156.0 24.3 13.59 0.98
DZ02B_36 0.2793 0.0041 4.3172 0.0686 0.1121 0.0007 1587.6 40.9 1696.6 26.0 1834.0 23.1 13.43 0.92
DZ02B_37 0.1847 0.0036 2.1124 0.0432 0.0830 0.0005 1092.3 39.4 1152.8 28.0 1268.0 22.6 13.85 0.96
DZ02B_38 0.2324 0.0036 2.9635 0.0489 0.0925 0.0006 1347.1 37.1 1398.2 24.9 1477.0 23.4 8.79 0.93
DZ02B_39 0.1677 0.0054 2.3546 0.0773 0.1019 0.0007 999.1 59.4 1228.9 46.2 1658.0 23.7 39.74 0.98
DZ02B_40 0.1742 0.0036 1.8148 0.0390 0.0756 0.0004 1035.1 39.6 1050.7 28.0 1083.5 22.9 4.47 0.96
DZ02B_41 0.4134 0.0104 9.2138 0.2391 0.1616 0.0010 2230.5 94.6 2359.4 47.0 2472.5 20.9 9.79 0.97
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Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
DZ02B_42 0.1698 0.0038 1.7781 0.0406 0.0759 0.0004 1011.1 41.3 1037.4 29.5 1093.0 23.2 7.49 0.97
DZ02B_43 0.2144 0.0030 3.0641 0.0461 0.1036 0.0006 1252.3 31.3 1423.7 22.9 1690.0 22.5 25.90 0.91
DZ02B_44 0.1426 0.0024 1.4724 0.0263 0.0749 0.0005 859.3 27.0 919.0 21.5 1065.0 24.2 19.31 0.94
DZ02B_45 0.2899 0.0042 4.3591 0.0685 0.1090 0.0006 1641.1 42.2 1704.5 25.8 1783.0 21.4 7.96 0.93
DZ02B_46 0.2768 0.0060 4.1120 0.0916 0.1077 0.0006 1575.1 60.0 1656.6 36.1 1761.5 21.0 10.58 0.97
DZ02B_47 0.2152 0.0068 2.6204 0.0840 0.0883 0.0005 1256.6 71.8 1306.3 46.6 1389.0 22.4 9.53 0.98
DZ02B_48 0.1157 0.0063 1.2771 0.0722 0.0801 0.0013 705.8 72.2 835.5 63.4 1198.0 63.8 41.09 0.96
DZ02B_49 0.2393 0.0067 3.5158 0.0999 0.1066 0.0006 1382.9 69.1 1530.7 44.4 1741.0 21.2 20.57 0.98
DZ02B_50 0.1649 0.0015 2.3529 0.0260 0.1035 0.0006 984.0 17.1 1228.4 15.7 1687.0 21.6 41.67 0.85
DZ02B_51 0.2989 0.0048 7.6692 0.1318 0.1861 0.0011 1686.0 47.7 2192.9 30.6 2707.5 19.7 37.73 0.94
DZ02B_52core 0.4414 0.0137 9.6601 0.3143 0.1587 0.0015 2356.7 122.3 2402.8 59.0 2442.0 32.1 3.49 0.96
DZ02B_52rim 0.1872 0.0078 2.9590 0.1321 0.1146 0.0018 1106.2 84.7 1397.1 66.7 1874.0 56.7 40.97 0.94
DZ02B_53 0.1540 0.0063 2.1670 0.0894 0.1021 0.0006 923.3 70.1 1170.5 56.5 1661.5 21.1 44.43 0.99
DZ02B_54 0.1801 0.0068 2.4769 0.0942 0.0997 0.0006 1067.7 73.6 1265.2 54.3 1618.5 22.7 34.03 0.99
DZ02B_55 0.0986 0.0057 1.3266 0.0775 0.0976 0.0011 606.3 66.2 857.4 66.5 1578.0 41.5 61.58 0.98
DZ02B_56 0.3774 0.0051 11.2503 0.1704 0.2162 0.0015 2064.0 47.6 2544.0 28.1 2952.5 22.1 30.09 0.89
DZ02B_57 0.2652 0.0065 4.0633 0.1029 0.1111 0.0006 1516.2 66.4 1646.9 40.8 1818.0 21.1 16.60 0.97
DZ02B_58rim 0.1381 0.0149 2.1016 0.2298 0.1104 0.0018 833.9 168.1 1149.3 145.2 1805.0 59.1 53.80 0.99
DZ02B_58core 0.2494 0.0033 4.0281 0.0581 0.1171 0.0007 1435.3 34.0 1639.8 23.3 1913.0 20.6 24.97 0.92
DZ02B_59 0.2675 0.0082 4.0404 0.1257 0.1095 0.0006 1528.2 83.0 1642.3 50.0 1791.5 20.7 14.70 0.98
DZ02B_60 0.1599 0.0046 1.6458 0.0487 0.0747 0.0004 956.2 51.5 987.9 37.0 1059.0 23.5 9.71 0.98
DZ02B_61 0.2251 0.0044 3.3044 0.0691 0.1065 0.0008 1308.8 46.4 1482.0 32.3 1739.5 26.6 24.76 0.94
DZ02B_62 0.1916 0.0021 2.7863 0.0343 0.1055 0.0006 1130.1 22.4 1351.8 18.3 1722.0 21.5 34.38 0.88
DZ02B_63 0.2914 0.0066 4.5554 0.1060 0.1134 0.0007 1648.5 65.4 1741.1 38.4 1854.0 21.1 11.09 0.97
DZ02B_64 0.2670 0.0031 3.9498 0.0505 0.1073 0.0006 1525.4 31.1 1623.9 20.6 1754.0 20.7 13.03 0.90
DZ02B_65 0.1863 0.0080 2.7085 0.1171 0.1054 0.0007 1101.3 86.3 1330.7 63.1 1721.5 23.0 36.02 0.99
DZ02B_66 0.4673 0.0148 12.3153 0.3970 0.1912 0.0011 2471.4 129.4 2628.6 59.7 2752.0 19.5 10.20 0.98
DZ02B_67 0.2269 0.0100 5.2455 0.2323 0.1677 0.0010 1318.2 104.3 1860.0 74.2 2534.5 19.5 47.99 0.99
DZ02B_68 0.2929 0.0063 4.4669 0.0990 0.1106 0.0006 1656.0 62.4 1724.8 36.5 1809.0 20.9 8.46 0.97
DZ02B_69 0.1770 0.0035 1.8358 0.0374 0.0752 0.0004 1050.3 37.9 1058.3 26.6 1074.5 22.6 2.25 0.96
DZ02B_70 0.3002 0.0081 4.4840 0.1231 0.1083 0.0006 1692.1 79.7 1727.9 45.1 1771.5 20.5 4.48 0.98
DZ02B_71 0.2615 0.0058 3.8804 0.0886 0.1076 0.0006 1497.4 59.0 1609.5 36.6 1759.5 20.6 14.90 0.97
DZ02B_72 0.2358 0.0053 3.5541 0.0834 0.1093 0.0007 1364.7 55.3 1539.3 36.8 1788.0 23.7 23.67 0.96
DZ02B_73 0.2052 0.0093 3.0127 0.1384 0.1065 0.0006 1203.1 99.6 1410.8 68.9 1740.0 22.3 30.86 0.99
DZ02B_74 0.2078 0.0021 3.1579 0.0376 0.1102 0.0007 1216.8 22.5 1446.9 18.3 1803.0 22.6 32.51 0.85
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Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
DZ02B_75 0.2341 0.0053 2.9182 0.0682 0.0904 0.0005 1356.1 55.4 1386.6 35.1 1433.5 21.5 5.40 0.97
DZ02B_76 0.1707 0.0032 1.8150 0.0353 0.0771 0.0005 1015.8 34.8 1050.8 25.3 1124.0 23.5 9.63 0.95
DZ02B_77 0.1764 0.0065 2.5509 0.0946 0.1049 0.0006 1047.3 70.6 1286.6 53.4 1712.0 22.2 38.83 0.99
DZ02B_78 0.2368 0.0077 2.9168 0.0965 0.0893 0.0005 1370.0 80.1 1386.2 49.4 1411.0 22.4 2.91 0.98
DZ02B_79 0.4544 0.0058 11.9188 0.1672 0.1903 0.0011 2414.5 51.4 2597.9 26.1 2744.0 19.0 12.01 0.91
DZ02B_80 0.1929 0.0092 2.8644 0.1375 0.1077 0.0006 1136.8 98.9 1372.5 71.0 1761.0 21.9 35.45 0.99
DZ02B_81 0.0779 0.0012 0.7862 0.0129 0.0732 0.0005 483.5 13.9 589.0 14.6 1019.5 26.6 52.57 0.92
DZ02B_82 0.1973 0.0045 2.5175 0.0597 0.0926 0.0005 1160.5 48.7 1277.0 34.2 1478.5 22.5 21.51 0.97
DZ02B_83 0.2954 0.0073 4.3950 0.1116 0.1079 0.0006 1668.5 72.6 1711.3 41.6 1764.0 20.7 5.42 0.97
DZ02B_84 0.1730 0.0038 1.8420 0.0414 0.0772 0.0005 1028.8 41.2 1060.5 29.4 1126.0 23.4 8.63 0.97
DZ02B_85 0.1715 0.0042 1.8083 0.0456 0.0765 0.0005 1020.4 46.2 1048.4 32.7 1107.0 23.8 7.82 0.97
DZ02B_86rim 0.2706 0.0062 7.5986 0.1816 0.2036 0.0013 1543.9 63.2 2184.6 42.4 2855.5 20.3 45.93 0.97
DZ02B_86core 0.4048 0.0059 11.3331 0.1760 0.2031 0.0011 2191.0 53.6 2550.8 28.8 2850.5 18.3 23.14 0.93
DZ02B_87 0.2680 0.0043 3.9968 0.0684 0.1081 0.0006 1530.8 44.0 1633.5 27.6 1768.0 20.6 13.41 0.94
DZ02B_88 0.2888 0.0042 4.2033 0.0667 0.1055 0.0007 1635.7 42.2 1674.6 25.9 1723.5 22.7 5.10 0.92
DZ02B_89 0.1665 0.0030 1.7677 0.0338 0.0770 0.0005 992.5 33.3 1033.6 24.6 1121.5 24.3 11.50 0.95
ST11-17BD
M17_1core 0.0221 0.0008 0.5383 0.0525 0.1763 0.0159 141.2 10.5 437.3 68.2 2618.5 299.3 94.61 0.39
M17_1rim 0.0160 0.0002 0.1077 0.0015 0.0487 0.0001 102.6 2.7 103.8 2.7 131.0 12.7 21.66 0.98
M17_2core 0.0165 0.0003 0.1258 0.0030 0.0553 0.0007 105.6 4.3 120.3 5.5 422.0 55.5 74.98 0.86
M17_2rim 0.0150 0.0002 0.1094 0.0024 0.0528 0.0009 96.2 2.7 105.4 4.4 318.0 77.6 69.74 0.63
M17_3core 0.0225 0.0012 0.1623 0.0089 0.0524 0.0002 143.3 15.4 152.7 15.4 301.0 18.7 52.38 1.00
M17_3rim 0.0163 0.0002 0.3135 0.0071 0.1399 0.0028 103.9 2.1 276.9 10.9 2225.5 69.6 95.33 0.46
M17_4inner 0.0141 0.0004 0.0961 0.0029 0.0495 0.0002 90.1 5.3 93.2 5.3 172.0 21.7 47.61 0.99
M17_5inner 0.0149 0.0004 0.1022 0.0029 0.0498 0.0001 95.2 5.3 98.8 5.3 187.0 12.4 49.10 1.00
M17_6core 0.1727 0.0052 5.2429 0.1612 0.2202 0.0011 1027.0 57.5 1859.5 51.8 2981.5 16.0 65.56 0.99
M17_6rim 0.0141 0.0004 0.0998 0.0032 0.0512 0.0010 90.4 4.6 96.5 6.0 251.0 92.5 63.99 0.79
M17_7inner 0.0141 0.0003 0.0970 0.0020 0.0498 0.0001 90.4 3.7 94.0 3.8 187.0 13.8 51.68 0.99
M17_8inner 0.0168 0.0005 0.1155 0.0034 0.0499 0.0001 107.4 6.3 110.9 6.2 188.5 13.8 43.05 0.99
M17_8rim 0.0154 0.0003 0.1109 0.0029 0.0521 0.0008 98.7 4.3 106.7 5.4 291.0 68.3 66.10 0.83
M17_9inner 0.0168 0.0004 0.2085 0.0108 0.0901 0.0042 107.3 4.9 192.3 18.1 1427.5 178.0 92.48 0.44
M17_10inner 0.0134 0.0003 0.0979 0.0026 0.0531 0.0009 85.6 3.4 94.8 4.8 331.5 80.1 74.16 0.74
M17_11inner 0.0196 0.0007 0.1365 0.0050 0.0505 0.0001 125.1 9.0 129.9 8.9 217.5 11.6 42.47 1.00
M17_11core 0.1172 0.0035 1.6158 0.0491 0.1000 0.0003 714.6 40.9 976.3 37.8 1623.0 10.7 55.97 1.00
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Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
M17_12rim 0.0180 0.0006 0.1235 0.0041 0.0499 0.0002 114.7 7.6 118.3 7.5 189.5 19.1 39.45 0.99
M17_13inner 0.1040 0.0063 2.5807 0.1588 0.1800 0.0023 637.7 72.9 1295.1 88.1 2652.5 41.6 75.96 0.98
M17_13rim 0.0169 0.0003 0.1586 0.0034 0.0679 0.0007 108.3 4.0 149.5 6.0 865.0 43.3 87.48 0.87
M17_14inner 0.0175 0.0010 0.1191 0.0070 0.0494 0.0003 111.8 13.0 114.2 12.7 166.0 27.6 32.68 0.99
M17_15inner 0.0130 0.0002 0.0896 0.0017 0.0500 0.0003 83.2 3.0 87.1 3.2 197.0 32.2 57.77 0.93
M17_16inner 0.0135 0.0003 0.0922 0.0023 0.0495 0.0002 86.5 4.2 89.5 4.3 172.5 18.5 49.88 0.99
M17_17inner 0.0134 0.0002 0.0918 0.0015 0.0495 0.0002 86.1 2.7 89.2 2.8 172.5 16.9 50.08 0.97
M17_18inner 0.0164 0.0006 0.1156 0.0046 0.0511 0.0004 104.8 8.1 111.0 8.4 247.0 40.2 57.58 0.98
M17_19inner 0.0173 0.0004 0.1429 0.0061 0.0598 0.0021 110.8 5.1 135.6 10.8 596.0 155.7 81.41 0.54
M17_20inner 0.0135 0.0003 0.0924 0.0018 0.0498 0.0002 86.1 3.2 89.7 3.3 186.0 18.3 53.70 0.98
M17_21core 0.2155 0.0059 2.7050 0.0746 0.0910 0.0002 1257.9 62.6 1329.8 40.5 1447.5 9.0 13.10 1.00
M17_21rim 0.0161 0.0002 0.1214 0.0028 0.0548 0.0011 102.7 2.3 116.3 5.1 405.5 91.7 74.68 0.48
M17_22inner 0.0134 0.0003 0.0922 0.0019 0.0498 0.0002 85.9 3.4 89.6 3.4 187.5 19.1 54.18 0.98
M17_23inner 0.0140 0.0002 0.1017 0.0018 0.0525 0.0002 89.9 3.1 98.3 3.3 307.0 20.9 70.72 0.97
M17_24inner 0.0152 0.0005 0.1042 0.0032 0.0498 0.0002 97.0 5.9 100.6 5.9 187.0 16.8 48.12 0.99
M17_25inner 0.0144 0.0003 0.0982 0.0018 0.0494 0.0002 92.2 3.2 95.1 3.3 167.0 18.5 44.76 0.98
M17_25rim 0.0135 0.0002 0.0966 0.0018 0.0518 0.0005 86.6 2.7 93.6 3.2 275.5 41.2 68.56 0.87
Csg-qfg
M65_1 0.0231 0.0006 0.1627 0.0043 0.0512 0.0002 147.0 7.7 153.1 7.5 247.5 16.4 40.60 0.99
M65_2 0.0276 0.0005 0.1922 0.0038 0.0505 0.0002 175.4 6.8 178.5 6.5 219.0 14.5 19.91 0.99
M65_3 0.0203 0.0005 0.2027 0.0170 0.0725 0.0059 129.5 5.8 187.4 28.6 999.0 328.9 87.04 0.27
M65_4 0.0203 0.0005 0.2027 0.0170 0.0725 0.0059 129.5 5.8 187.4 28.6 999.0 328.9 87.04 0.27
M65_5 0.0220 0.0006 0.1529 0.0043 0.0504 0.0002 140.4 7.6 144.4 7.5 211.0 21.3 33.46 0.99
M65_6 0.0232 0.0007 0.1646 0.0051 0.0514 0.0004 147.9 8.9 154.7 8.9 260.0 31.8 43.10 0.97
M65_7 0.0230 0.0007 0.1603 0.0047 0.0505 0.0002 146.6 8.4 150.9 8.1 219.5 15.9 33.22 0.99
M65_8 0.0229 0.0006 0.1596 0.0044 0.0506 0.0003 145.7 7.8 150.3 7.7 223.0 28.4 34.65 0.97
M65_9 0.0231 0.0006 0.1610 0.0044 0.0506 0.0002 147.1 7.9 151.6 7.7 223.0 15.9 34.06 0.99
M65_10 0.0206 0.0009 0.1426 0.0060 0.0501 0.0002 131.6 10.9 135.3 10.6 201.5 16.0 34.70 1.00
M65_11 0.0208 0.0005 0.1454 0.0038 0.0507 0.0003 132.6 6.6 137.8 6.7 228.0 28.3 41.83 0.97
M65_12 0.0210 0.0005 0.1749 0.0051 0.0603 0.0010 134.1 6.3 163.7 8.8 615.5 73.7 78.21 0.81
M65_13 0.0231 0.0006 0.1611 0.0040 0.0507 0.0002 146.9 7.1 151.7 7.0 227.0 18.1 35.28 0.99
M65_14 0.0233 0.0006 0.1619 0.0045 0.0503 0.0003 148.8 8.0 152.4 7.8 208.5 23.8 28.65 0.98
M65_15 0.0232 0.0007 0.1631 0.0051 0.0510 0.0002 147.7 9.0 153.4 8.8 242.0 13.6 38.96 1.00
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Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
M65_16 0.0237 0.0007 0.1661 0.0049 0.0508 0.0003 151.0 8.6 156.0 8.5 233.0 26.6 35.19 0.98
M65_17 0.0234 0.0006 0.1658 0.0041 0.0513 0.0002 149.4 7.2 155.7 7.1 253.0 20.8 40.95 0.98
M65_18 0.0240 0.0006 0.1723 0.0043 0.0521 0.0004 152.7 7.3 161.4 7.5 290.5 32.0 47.44 0.96
M65_19 0.0220 0.0005 0.1598 0.0039 0.0527 0.0004 140.1 6.4 150.5 6.8 317.0 33.9 55.79 0.95
M65_20 0.0213 0.0005 0.1484 0.0038 0.0504 0.0002 136.1 6.8 140.5 6.7 215.0 15.2 36.68 0.99
M65_21 0.0230 0.0006 0.1635 0.0044 0.0516 0.0003 146.4 7.6 153.7 7.7 268.5 25.3 45.49 0.98
M65_22 0.0258 0.0007 0.1851 0.0055 0.0521 0.0004 164.0 9.3 172.4 9.4 290.0 33.6 43.45 0.97
M65_23 0.0287 0.0009 0.2027 0.0064 0.0513 0.0003 182.1 11.1 187.4 10.8 253.5 27.9 28.15 0.98
M65_24 0.0217 0.0005 0.1526 0.0036 0.0509 0.0003 138.6 6.2 144.2 6.3 237.0 31.4 41.51 0.96
M65_25 0.0216 0.0006 0.1505 0.0045 0.0505 0.0002 137.8 8.0 142.4 7.9 220.0 15.9 37.38 0.99
M65_26 0.0235 0.0006 0.1632 0.0044 0.0503 0.0001 149.9 7.9 153.5 7.6 208.5 13.1 28.11 0.99
M65_27 0.0239 0.0006 0.1682 0.0040 0.0510 0.0002 152.3 7.1 157.8 7.0 241.5 19.4 36.93 0.98
M65_28 0.0237 0.0006 0.1797 0.0070 0.0549 0.0017 151.3 7.1 167.8 11.9 407.0 136.9 62.83 0.61
M65_29 0.0225 0.0006 0.1593 0.0042 0.0514 0.0004 143.3 7.1 150.1 7.3 259.0 31.8 44.68 0.96
M65_30 0.0219 0.0008 0.1551 0.0060 0.0515 0.0007 139.4 10.2 146.4 10.6 261.0 58.7 46.58 0.94
Csg-qfg 60023 4891440
M27_1 rim 0.0199 0.0001 0.1350 0.0010 0.0491 0.0002 127.2 1.7 128.6 1.9 153.0 16.4 16.84 0.89
M27_2 rim 0.0230 0.0005 0.1576 0.0035 0.0497 0.0003 146.5 6.2 148.6 6.1 181.5 24.4 19.28 0.97
M27_3 inner 0.0704 0.0063 1.1365 0.1160 0.1172 0.0058 438.3 75.3 770.8 107.4 1913.0 178.2 77.09 0.87
M27_4 rim 0.0211 0.0005 0.1555 0.0041 0.0533 0.0007 134.9 5.9 146.7 7.1 342.5 62.9 60.62 0.85
M27_5 inner 0.0157 0.0003 0.1039 0.0020 0.0482 0.0001 100.1 3.8 100.4 3.7 106.5 14.1 5.98 0.99
M27_6 inner 0.0231 0.0004 0.1658 0.0034 0.0521 0.0004 147.2 5.6 155.8 5.9 288.5 35.3 48.99 0.93
M27_7  inner 0.0229 0.0004 0.1648 0.0032 0.0522 0.0006 146.0 4.5 154.9 5.5 292.5 51.4 50.08 0.81
M27_8  inner 0.0226 0.0003 0.1553 0.0026 0.0499 0.0004 143.9 4.2 146.5 4.5 189.0 33.7 23.85 0.90
M27_9 rim 0.0197 0.0008 0.1509 0.0073 0.0556 0.0016 125.6 9.7 142.7 12.8 436.5 124.9 71.22 0.81
M27_10 inner 0.0218 0.0004 0.1514 0.0028 0.0504 0.0004 138.8 4.5 143.1 5.0 215.0 39.7 35.43 0.89
M27_11 rim 0.0214 0.0006 0.1485 0.0040 0.0502 0.0003 136.8 7.1 140.6 7.1 205.5 26.8 33.45 0.98
M27_12 inner 0.0257 0.0008 0.1760 0.0057 0.0497 0.0002 163.4 10.4 164.6 9.8 182.5 15.3 10.48 0.99
M27_13 inner 0.0246 0.0006 0.1720 0.0043 0.0508 0.0005 156.4 7.1 161.1 7.4 230.5 43.1 32.14 0.93
M27_14 rim 0.0239 0.0005 0.1727 0.0048 0.0525 0.0010 152.1 5.9 161.8 8.3 306.5 90.4 50.39 0.70
M27_15  inner 0.0245 0.0004 0.1671 0.0030 0.0494 0.0001 156.2 5.6 156.9 5.3 166.0 11.1 5.87 0.99
M27_16  inner 0.0217 0.0005 0.1495 0.0035 0.0500 0.0001 138.4 6.4 141.5 6.2 193.0 12.7 28.30 0.99
M27_17  inner 0.0222 0.0006 0.1564 0.0044 0.0511 0.0002 141.4 7.8 147.5 7.8 246.5 21.7 42.62 0.99
M27_18  inner 0.0243 0.0004 0.1656 0.0029 0.0494 0.0003 154.8 5.1 155.6 5.0 167.0 24.6 7.30 0.95
Apparent Ages (Ma)
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APPENDIX	F:	Cont.		
Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
M27_19 rim 0.0234 0.0003 0.1592 0.0022 0.0494 0.0002 149.1 4.0 150.0 3.9 164.5 14.6 9.37 0.98
M27_20  inner 0.0219 0.0004 0.1515 0.0027 0.0503 0.0002 139.3 4.9 143.2 4.8 207.0 16.8 32.68 0.98
M27_21 core 0.0234 0.0002 0.1582 0.0015 0.0491 0.0001 149.0 2.7 149.1 2.7 151.0 12.1 1.34 0.96
M27_22  inner 0.0240 0.0004 0.1723 0.0033 0.0522 0.0005 152.7 5.1 161.4 5.7 292.0 42.4 47.72 0.87
M27_23  inner 0.0212 0.0003 0.1466 0.0024 0.0502 0.0003 135.2 4.2 138.9 4.3 202.5 23.2 33.22 0.95
M27_24  inner 0.0225 0.0004 0.1542 0.0026 0.0497 0.0003 143.5 4.5 145.6 4.5 179.0 23.5 19.83 0.95
M27_25  inner 0.0193 0.0005 0.1324 0.0035 0.0498 0.0003 123.0 6.2 126.2 6.2 187.5 28.0 34.41 0.97
M27_26 rim 0.0163 0.0003 0.1089 0.0020 0.0486 0.0002 104.0 3.8 104.9 3.7 126.5 15.8 17.81 0.98
M27_27  inner 0.0199 0.0003 0.1434 0.0025 0.0523 0.0006 127.0 3.5 136.0 4.5 297.0 50.3 57.24 0.78
M27_28 rim 0.0220 0.0003 0.1519 0.0022 0.0500 0.0001 140.5 4.0 143.6 4.0 196.0 13.5 28.34 0.98
M27_29 inner 0.0206 0.0009 0.1386 0.0060 0.0489 0.0001 131.2 11.1 131.8 10.6 142.0 13.9 7.59 1.00
M27_30 core 0.1018 0.0034 1.8913 0.0646 0.1347 0.0012 624.9 39.3 1078.0 44.9 2160.5 30.0 71.07 0.97
M27_31 rim 0.0268 0.0017 0.2202 0.0190 0.0595 0.0035 170.7 21.0 202.1 31.3 585.5 257.6 70.84 0.72
Qfg
M18_1core 0.2418 0.0062 3.4157 0.0884 0.1025 0.0005 1395.8 63.8 1507.9 40.3 1669.0 17.1 16.37 0.98
M18_2 inner 0.0138 0.0001 0.1021 0.0025 0.0535 0.0013 88.6 1.4 98.7 4.7 351.0 106.7 74.77 0.32
M18_3 rim 0.0056 0.0066 0.3067 0.4656 0.3973 0.3661 36.0 84.9 271.6 618.9 3899.0 2771.5 99.08 0.79
M18_4inner 0.0256 0.0004 0.1836 0.0033 0.0519 0.0006 163.2 4.4 171.2 5.6 283.0 53.0 42.34 0.76
M18_5inner 0.0218 0.0003 0.1496 0.0025 0.0497 0.0003 139.2 4.2 141.6 4.4 182.0 30.2 23.54 0.92
M18_6 rim 0.0283 0.0071 1.7613 0.4802 0.4522 0.0492 179.6 88.1 1031.3 325.6 4092.0 323.4 95.61 0.92
M18_7 inner 0.0248 0.0006 0.2484 0.0199 0.0725 0.0055 158.2 7.6 225.2 32.2 999.5 310.8 84.17 0.30
M18_8 core 0.3826 0.0057 6.2786 0.0960 0.1190 0.0004 2088.3 53.2 2015.4 26.6 1941.5 11.7 -7.56 0.98
M18_9 rim 0.1210 0.0149 1.6800 0.2098 0.1007 0.0020 736.5 170.4 1000.9 153.1 1636.0 74.0 54.98 0.99
M18_10 rim 0.0220 0.0002 0.1506 0.0016 0.0496 0.0002 140.3 2.7 142.4 2.8 178.5 15.7 21.41 0.95
M18_11 core 0.2134 0.0044 2.9889 0.0627 0.1016 0.0004 1247.1 46.7 1404.7 31.7 1652.5 14.3 24.54 0.98
M18_12 inner 0.0247 0.0007 0.1796 0.0058 0.0528 0.0008 157.0 8.9 167.7 9.9 320.5 65.9 51.01 0.89
M18_13  inner 0.0246 0.0005 0.1748 0.0040 0.0516 0.0005 156.4 6.4 163.6 6.9 269.0 45.4 41.87 0.90
M18_14  inner 0.0237 0.0003 0.1616 0.0023 0.0495 0.0003 150.7 3.9 152.1 4.0 173.5 24.2 13.12 0.93
M18_15 0.0239 0.0005 0.1651 0.0032 0.0500 0.0002 152.5 5.7 155.1 5.6 195.0 16.4 21.78 0.98
M18_16 rim 0.0224 0.0007 0.1534 0.0051 0.0496 0.0002 142.9 9.3 144.9 8.9 177.5 16.6 19.50 0.99
M18_17  inner 0.0228 0.0003 0.1574 0.0022 0.0500 0.0002 145.5 3.9 148.4 3.9 195.0 21.5 25.39 0.95
M18_18  inner 0.0217 0.0005 0.1497 0.0034 0.0500 0.0002 138.4 6.1 141.7 6.0 196.0 21.5 29.37 0.98
M18_19  inner 0.0162 0.0006 0.1156 0.0047 0.0516 0.0005 103.9 8.1 111.0 8.5 267.5 43.6 61.17 0.97
Apparent Ages (Ma)
11N 660534 4891882
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APPENDIX	F:	Cont.		
Spot 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ 206Pb/ ±206Pb/ 207Pb/ ±207Pb/ 207Pb/ ±207Pb/ Percent (error
name 238U 238U 235U 235U 206Pb 206Pb 238U (Ma) 238U 235U 235U 206Pb 206Pb Discordance corr.)
M18_20  inner 0.0132 0.0003 0.0899 0.0019 0.0493 0.0004 84.7 3.3 87.4 3.5 160.5 34.2 47.21 0.94
M18_21  inner 0.0198 0.0003 0.1628 0.0059 0.0596 0.0020 126.5 3.4 153.2 10.2 588.0 145.2 78.48 0.37
M18_22  inner 0.0175 0.0008 0.1462 0.0085 0.0607 0.0023 111.6 9.6 138.5 14.9 628.5 163.8 82.24 0.75
M18_23rim 0.0190 0.0004 0.1357 0.0032 0.0518 0.0005 121.3 5.2 129.2 5.7 277.0 42.5 56.21 0.92
M18_24  inner 0.0205 0.0003 0.1429 0.0024 0.0505 0.0003 130.9 4.2 135.6 4.3 218.0 24.5 39.94 0.95
M18_25  inner 0.0239 0.0002 0.1657 0.0016 0.0504 0.0004 152.0 2.0 155.7 2.8 212.0 32.3 28.31 0.69
M18_26 rim 0.0224 0.0004 0.1553 0.0031 0.0504 0.0002 142.6 5.6 146.6 5.4 212.0 14.3 32.75 0.99
M18_27 inner 0.0232 0.0005 0.1604 0.0037 0.0502 0.0002 147.5 6.6 151.0 6.4 206.0 20.6 28.38 0.98
M18_28 0.0223 0.0004 0.1532 0.0029 0.0498 0.0002 142.3 5.2 144.7 5.1 184.0 20.1 22.66 0.97
M18_29 inner 0.0235 0.0005 0.1640 0.0037 0.0506 0.0003 149.6 6.6 154.2 6.5 224.5 23.6 33.36 0.97
M18_30 rim 0.0144 0.0002 0.0972 0.0015 0.0488 0.0002 92.4 2.7 94.2 2.7 140.5 19.7 34.26 0.96
M18_31inner 0.0170 0.0002 0.1229 0.0022 0.0523 0.0006 108.9 3.0 117.7 4.0 298.0 52.6 63.44 0.77
M18_32 inner 0.0205 0.0002 0.1393 0.0016 0.0493 0.0002 130.7 2.9 132.4 2.9 162.0 16.7 19.30 0.95
M18_33 inner 0.0225 0.0001 0.1603 0.0012 0.0516 0.0002 143.7 1.6 150.9 2.0 265.5 21.6 45.87 0.76
M18_34 0.0225 0.0001 0.1603 0.0012 0.0516 0.0002 132.2 2.7 137.2 3.6 225.5 43.8 41.39 0.74
M18_35 0.0207 0.0002 0.1447 0.0020 0.0507 0.0005 112.3 6.9 133.3 9.2 525.0 88.0 78.61 0.84
Apparent Ages (Ma)
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APPENDIX	G:	LA‐ICP‐MS	REDUCED	Lu‐Hf	ISOTOPE	GEOCHRONOLOGY	DATA		
Spot U/Pb age
name 176 Hf/177Hf ±1 σ 176 Lu/177Hf ±1 σ (Ma) εHf(0) ±2 σ 176/177 T1 εHf T1 ±2 σ T DM
Qtz3
DZ8_2 0.281087 0.000013 0.000622 0.000017 2508 -60.05 0.92 0.281057 -4.16 1.164994 2948
DZ8_8 0.281271 0.000024 0.001048 0.000050 2054 -53.54 1.70 0.281230 -8.58 1.953540 2733
DZ8_10 0.281721 0.000015 0.000366 0.000006 1857 -37.63 1.06 0.281708 3.85 1.263009 2083
DZ8_11 0.280771 0.000012 0.000256 0.000005 2720 -71.22 0.85 0.280758 -9.86 1.056321 3337
DZ8_19 0.280846 0.000026 0.001157 0.000054 2862 -68.57 1.84 0.280782 -5.63 2.167100 3314
DZ8_26 0.281338 0.000011 0.000392 0.000002 1856 -51.17 0.78 0.281324 -9.81 1.016984 2598
DZ8_25 0.281490 0.000020 0.000711 0.000022 1782 -45.79 1.41 0.281466 -6.48 1.608052 2414
DZ8_27 0.281684 0.000011 0.000418 0.000008 1774 -38.93 0.78 0.281670 0.58 1.031845 2136
DZ8_32 0.281377 0.000020 0.000987 0.000023 2070 -49.79 1.41 0.281338 -4.37 1.666500 2585
DZ8_47 0.281361 0.000012 0.000361 0.000005 1890 -50.36 0.85 0.281348 -8.18 1.003177 2565
DZ8_55 0.281103 0.000016 0.000462 0.000010 2670 -59.48 1.13 0.281079 0.42 1.332122 2915
DZ8_56 0.281449 0.000024 0.000973 0.000013 2082 -47.24 1.70 0.281410 -1.52 1.921618 2486
DZ8_70 0.281785 0.000014 0.000564 0.000014 1869 -35.36 0.99 0.281765 6.15 1.189611 2007
DZ8_74 0.281093 0.000012 0.001481 0.000019 2724 -59.83 0.85 0.281016 -0.58 1.013047 3007
DZ8_80 0.281137 0.000035 0.000507 0.000015 2659 -58.28 2.48 0.281111 1.29 2.740752 2873
Qtz4
DZ2_2 0.281890 0.000014 0.000971 0.000030 1716 -31.65 0.99 0.281858 5.94 2.794797 1885
DZ2_2A 0.281356 0.000017 0.001047 0.000030 1720 -50.53 1.20 0.281322 -13.02 3.007137 2617
DZ2_4 0.281971 0.000014 0.001027 0.000016 1466 -28.79 0.99 0.281943 3.19 1.232705 1776
DZ2_6 0.282213 0.000015 0.000746 0.000017 1133 -20.23 1.06 0.282197 4.62 1.391496 1431
DZ2_9 0.282143 0.000016 0.000571 0.000008 1278 -22.70 1.13 0.282129 5.52 1.464737 1521
DZ2_11 0.281951 0.000015 0.000767 0.000030 1700 -29.49 1.06 0.281926 7.98 1.270262 1791
DZ2_14 0.281959 0.000011 0.001273 0.000082 1420 -29.21 0.78 0.281925 1.51 1.098433 1804
DZ2_16 0.282029 0.000017 0.000983 0.000025 1464 -26.73 1.20 0.282002 5.24 1.392183 1694
DZ2_30 0.282209 0.000011 0.000851 0.000007 1104 -20.37 0.78 0.282191 3.76 0.999067 1441
DZ2_31 0.281377 0.000014 0.000530 0.000013 1940 -49.79 0.99 0.281357 -6.69 1.188363 2555
DZ2_33 0.281809 0.000018 0.000878 0.000012 1790 -34.51 1.27 0.281779 4.83 1.559961 1991
DZ2_34 0.281640 0.000010 0.000511 0.000017 1761 -40.49 0.71 0.281623 -1.39 0.911748 2200
DZ2_55 0.281804 0.000015 0.000751 0.000036 1829 -34.69 1.06 0.281778 5.68 1.243488 1991
DZ2_56 0.281804 0.000015 0.000751 0.000036 1486 -34.69 1.06 0.281783 -2.02 1.836244 1991
DZ2_45 0.282368 0.000012 0.000478 0.000022 746 -14.75 0.85 0.282361 1.68 1.292660 1209
11N 659580 4890047
11N 659016 4889959
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APPENDIX	G:	Cont.		
Spot U/Pb age
name 176 Hf/177Hf ±1 σ 176 Lu/177Hf ±1 σ (Ma) εHf(0) ±2 σ 176/177 T1 εHf T1 ±2 σ T DM
Qfg
M27_1 rim 0.282523 0.000037 0.001528 0.000009 127 -9.26 2.62 0.282519 -6.57 2.665207 1024
M27_11rim 0.282431 0.000013 0.001224 0.000054 137 -12.52 0.92 0.282428 -9.59 1.093360 1145
M27_12 core 0.282583 0.000025 0.002088 0.000045 163 -7.14 1.77 0.282577 -3.75 2.012331 954
M27_15 inner 0.282560 0.000014 0.001870 0.000045 156 -7.96 0.99 0.282555 -4.69 1.140138 981
M27_16 rim 0.282437 0.000013 0.000896 0.000014 138 -12.31 0.92 0.282435 -9.33 1.062682 1127
M27_22 inner 0.282589 0.000009 0.002138 0.000074 153 -6.93 0.66 0.282583 -3.75 0.797042 946
M27_23 rim 0.282399 0.000018 0.000938 0.000048 135 -13.65 1.27 0.282397 -10.74 1.375422 1181
M27_20rim 0.282410 0.000012 0.001218 0.000029 139 -13.26 0.85 0.282407 -10.29 0.971283 1174
Csg-qfg
M18_2 inner 0.282177 0.000028 0.000500 0.000057 89 -21.50 1.98 0.282176 -19.56 2.019839 1471
M18_10 rim 0.282326 0.000037 0.001806 0.000032 140 -16.23 2.62 0.282321 -13.29 2.693104 1312
M18_13 inner 0.282551 0.000028 0.001315 0.000060 156 -8.27 1.98 0.282547 -4.95 2.133385 979
M18_15 rim 0.282444 0.000030 0.001872 0.000039 152 -12.06 2.12 0.282439 -8.87 2.270295 1146
M18_17 inner 0.282440 0.000120 0.001810 0.000065 145 -12.20 8.49 0.282435 -9.16 8.593279 1150
M18_16 rim 0.282470 0.000015 0.001525 0.000025 143 -11.14 1.06 0.282466 -8.11 1.276655 1099
M18_18 inner 0.282397 0.000013 0.001794 0.000070 138 -13.72 0.92 0.282392 -10.82 1.072902 1211
M18_19 inner 0.282460 0.000016 0.000942 0.000048 103 -11.49 1.13 0.282458 -9.27 1.325738 1096
M18_22 inner 0.282450 0.000019 0.001298 0.000062 112 -11.85 1.34 0.282447 -9.46 1.587458 1121
M18_26 rim 0.282470 0.000014 0.001272 0.000045 140 -11.14 0.99 0.282467 -8.15 1.115734 1092
M18_33 rim 0.282429 0.000017 0.001806 0.000046 140 -12.59 1.20 0.282424 -9.65 1.257744 1166
M18_31 rim 0.282453 0.000010 0.001684 0.000084 109 -11.74 0.71 0.282450 -9.44 0.789706 1128
M18_32 rim 0.282529 0.000013 0.002003 0.000086 131 -9.05 0.92 0.282524 -6.32 1.004675 1029
M18_30 rim 0.282378 0.000011 0.000955 0.000005 92 -14.39 0.78 0.282376 -12.41 0.848971 1210
M18_29 rim 0.282487 0.000017 0.001291 0.000036 149 -10.54 1.20 0.282483 -7.36 1.373572 1068
11N 660023 4891440
11N 660534 4891882
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APPENDIX	H:	RESULTS	OF	K‐S	AND	F‐TEST	STATISTICAL	ANALYSES	
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APPENDIX	I:	XRD	PEAK	ANALYSES	AND	RAW	DATA	FOR	ST11‐16	–	ST11‐01A	
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